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THE CRREL INSTRUMENTED VEHICLFE:
HARDWARE AND SOFTWARR
George L. Blaisdell

INTRODUCTION

Since the advent 6f the pneumatic tire, a sophisticated system of
transportation has develope! to the point where nearlv all of our functions
are in some way affected by vehicular transportati{on. For nearly a century
continued efforts have been directed towards making faster, safer and more
efficient vehicles. With this has come great refinements in tire tech-
nology and our understanding of vehicle mobhility. However, tire design,
evaluation and testing methods are still the subjects of a large numher of
studies and will remain so {n the forseeable future. Likewise, prediction
of vehicle mobility is still in its developmental stages.

The quantities of traction aml motion resistance have characteris-
tically been used to establish how mobile (or immobile) a vehicle is,
especially on deformable surface materials. It is reasonable to conclude
that these quantities are really measures of tire performance, provided the
vehicle is adequately powered. In the past, tests to evaluate traction
involved using a dynamometer (hold-back) vehicle equipped with a load-cell
drawbar. Traction was then calculated from the measured drawbar pull, the
motion resistance and appropriate corrvection factors. Motion resistance
was determined from vehicle deceleration and by towing or pushing the
vehicle.

Traction and motion resistance as quantities are really just measures
of the forces between the vehicle's tires and their supporting surface.
However, past testing measured quantities that are physically removed from

the vehicle/material interface. With the development of a sophisticated




load cell and a specially equipped vehicle, direct measurement of these
forces 1s now possible.

This report will describe in detail the equipment and operation of the
CRREL Instrumented Vehicle (CIV), which is equipped with these load cells,
This information is meant to supplement the operation manuals provided by
the manufacturers of the individual pieces of equipment (Appendix A).
Points that are either omitted or not clear in these manuals and the tech-

niques involved with operating all of the equipment together are emphasized

in this report.

VEHICLE HARDWARF

The CRRFL Instrumented Vehicle was originally constructed by the
Nevada Automotive Test Center (NATC) in Carson City, Nevada, and is based
on a 1977 AMC Jeep Cherokee frame and chassis (Fig. 1). The stock vehicle
was modified by NATC in May of 1978 under contract with the San Dimas
Equipment Nevelopment Center of the 1J.S. Forest Service, San Dimas,
California. Further mechanical modifications were made to the vehicle by
NATC in February of 1980 under the direction of CRREL. Subsequently,
electronic modifications have been made by CRRFEL.,

Figure I. CRREL instrumented vehicle.
2




Figure 2. Warn lock-out axle,

Mechanical hardware

Special equipment was added to the vehicle to facilitate specific test
configurations and to provide support for the data acquisition instrumenta-
tion. This incluled changes to the hubs, the transfer case, the brakes,
the shock absorbers, the electrical system and the seats.,

The instrumented vehicle is equipped with Warn locking hubs on all
four axles (Fig. 2). This allows the vehicle to be operated as a four-
wheel-drive, rear-wheel-drive or front-wheel-drive unit, This versatility
is made possible by the Quadra-Trac full-time four-wheel-drive system,
which was stock equipment on the vehicle before its modification. With the
Nuadra-Trac svstem, engine torque is delivered from the transmission to a
controlled-slip third differential (or transfer case), which is located di-
rectly behind the transmission. The transfer case, in turn, transmits
torque along front and rear propeller shafts to the differentials located
between the front aml rear sets of wheels. The transfer case ensures that
some torque is sent to both front and rear propeller shafts. This results
in drive to at least one front and one rear wheel (due to breakdown of
torque at the front and rear differentials).

With all four Warn hubs locked, the vehicle operates as a normal

full-time four-wheel-drive unit. It can be driven at highway speeds or

3
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used with Jeep's low-range reduction unit (wear reduction) for areater
engine braking, control an! torque at low vehicle speecds.

Two~wheel drive (front or rear) 1is not as straipghtforwardi., Since the
Nuadra-Trac transfer case semds torque to both propellor shafts {n nropor-
tion to their needs, having two hubs (both front or both rear) in the free
position causes them to appear to be most in need of torque. ™ne transfer
case thus sends all of the torque to the differential of the free axles,
which produces no vehicle movement, However, the vehicle is equipped with
an er>» gency drive system (Fig. 3), a stock item controlled by a switch in
the glove box. When engaged, the system nullifies the differents action
of the transfer case. An equivalent amount of torque is then se to each
propellor shaft, and two-wheel Arive is achieved.

A dual-brake system has also heen built into the CIV., This t2m
allows hydraulic pressure to be applied (through the standarl br .- .dal)
to all four disc brakes or only to the front brakes or rear brakes. The
valves for changing the brake configuration are located on the floor at the
left side of the driver's seat (Fig. 4). To actuate a set of bhrakes, the
appropriate pressure valve is opened (counterclockwise rotation) and its
corresponding bleed valve is closed. Caution should he exercised to ensure
that the vehicle is not totally without brakes (both pressure valves

clnsed). A schematic of the hrake system is provided in Figure 5.

Figure 3. FEmergency drive lock control,
4
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rigure 5. gchematic of modified hrake systemwm.

Four air-adjustable shock abhsorhers take the place of the gtandard

These are connected in patrs (front two and rear two) to a

ontrolled by two regulator panels

shocks.
vacuum—actuated alr compreesor, which is ¢

(Fig. 6). This system allows the vertical force on the front ot rearl
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Figure . Alr-shock-absorher regulator panels.

wheels to be varied by up to 20 1hs through inflation of one set of shocks
and deflation of the other set. 1In addition, greater whecl-well clearance
for certain oversize tires can he obtained hy inflating the shock absor—
bers. Vehicle trim is also controlled by appropriate inflation and defla-
tion of the shocks. This is important for aligning the load-cell axes
properly for the tire size bheing tested.

Electrical power (500 W) is supplied for most of the instrumentation
from a 12-V d.c. to 115-V a.c. sine-wave static inverter (Topaz type GZ,
Fig. 7). The inverter is mounted in the cargo area of the CIV next to a
12-V battery that provides its input., The battery is charged by an
auxlliary oversize alternator in the vehicle, and the battery's charge is
monitored with a meter located in the instrumentation section of the
vehicle. Output from the inverter {s sent to an outlet block located in
the instrumentation section of the vehicle (Fig. 8).

The vehicle 1is also equipped with swivel seats for hoth the driver and
passenger to allow them to operate the vehicle and the instrumentation. An
overhead 110-V a.c. light has been installed for use during overcast or
night conditions. Shock-mounted tables are provided for all of the

instrumentation.




“igure 7, Twelve-V d.c. to 115-V a.c. static inverter and :
battery.

Figure 8. Power .trip in the in-
strumentation section of the
vehicle,




Figure 9., Moment-compensated triaxial load cell.

Flectronic measuring equipment

Instrumentation has been added to the vehicle to obtain measurements

of pertinent parameters during operation. DNescriptions of this equipment

and their locations are detailed in this section. Wiring diagrams for this
instrumentation are contained in Appendix B.
Central to the CIV are the moment-compensated, triaxial load cells

1 The 10ad cells are mounted so

mounted in the two front-wheel assemhlies.
that they become a vertical section of the cantilevered rod that supports
the wheel (Fig, 9). Since the load cells add 10 inches (5 inches each) to
the overall wheelbase width, each of the front two axles from the steering
universal out were replaced with longer ones. FEach load cell is annular to
allow the axle to pass through {it,

The load cells each contain three, complete, strain-gage Wheatstone
bridges that measure forces acting in three, mutually perpendicular
directions. These directfons are oriented as shown in Figure 10 and will

be referred to as vertical, longitudinal and side directions. Moment

lShoberg, R.S. and Wallace, B, (1975) A triaxial automotive wheel force and
moment transducer. Soclety of Automotive Engineers, Paper No. 750049,
25 p.
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Figure 10. Axes convention usel with the triaxial
load cells.

compensation {s performed hy the strain-gage bridges so that the forces
read by the bridpes represent the farces acting at the tire contact patch,
The compensation i{s such that a torque or a couple applied to the tire
registers no force on the load cell.

Each front brake disc s equipped with 100 equally spaced steel nodes

on an f-inch-diameter circle. A counting proximity detector (Red Lion

o

Proximity
Detector

Figure 11. Pulse pickup proximity detector and steel nodes
on the brake disc.




Proximity
Detector
N

Figure 12, Rear propellor-shaft-mounted
torque cell and pulse pickup proximity
detector.

Controls Prox-Stik Model PSA-EF) is mounted within 0.05 inches of the ends
of the nodes (Fig. 11). This signal yields exact individual wheel distance
and velocity values. A similar arrangement (using an Airpax 300 Series
control tachometer) on the rear propeller shaft measures the average
rear-wheel speed (Fig. 12),

A strain-gage torque sensor (Lebow model 1228) is also mounted on the
rear propeller shaft (Fig. 12)., 1Its signal can be used to measure the
energy input to the rear wheels during both driving and braking.

To the rear bumper {8 attached a fifth-wheel assembly for measuring
vehicle speed and distance traveled (Fig. 13). The unit consists of a
26-inch by 2.125-inch pneumatic tire mounted on a heavv-duty rim and

secured in a mounting frame. Attached to the wheel axle is a tachometer

penerator (for recording speed) and a transmitter with an etched metal

10




a. Flectric winch pickup,

b, Control switch.

Tigure 13. Fifth-wheel assembly.
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Flagure 14, Fifth-wheel tire with a
chain installed for operating on
materials with low coefficients -of
friction.

optical encoder for a 50-pulse-per~foot output (for measuring distance). A
tire pressure of 34 ps{ 1is required for an accurate distance measurement,
and a tire change is required when the tire has worn to within 1/32 inch of
the hottom of the tread grooves. The fifth-wheel assembly must not be left
in 1ts operating position (down) when the vehicle is backed up; the wheel

e Bkin OB .. -

assembly will jackknife and become damaged.

For operating on iceé and other materials with low coefficients of

e fricrion, a chain has been installed on the tire to eliminate slippage
‘ (Fig. 14). This increases the wheel circumference, and the system must be

recalibrated to yfeld accurate speed and distance measurements.

12
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Oriver readout

To allow immediate feedback of force amd velocity values and to allow
the use of a particular measurel quantity as a control parameter, a driver
readout display unit has been iunstalled (Fig. 15). The main unit consists
of three pulse counters (for the front two wheels and the fifth wheel), a
right- and left-side digital panel meter (DPM), and two sets of switches
(right anl laft side). FEach switch set contains four push-button, douhle-
pole, double-throw switches, which select wheel speced or vertical, longi-
tudinal, or side force. A second set of switches and DPMs are present to
accomodate future instrumentation of the rear wheels. The driver readont
anit is mounted on the flonor hetween the driver and passenger seats and can
be easily read by the vehicle operator. Fifth-wheel speed 13 read on a
digital meter, which is mounted on the top of the dash directly in front of
the Ariver (Fig. 15h, Fig. BB), This allows the operator to maintain a
part.icaular vehjcle speed without Jdiverting his eyesight from the test
conirse,

The pulse counters require a 12 V d.c. signal while the DPMs need
110 V a.c. Both are suppliel from the velocity signal condttioner unit
(1escribed later) anl can be switched with the master switch on the front
of the conditioner, The fifth-wheel unit operates on 12 V d.c., which is
supplied by a hard-wire connection to the vehicle's main batterv. A switch ]
on the readout display unit activates the whole fifth-wheel assemblyv. A
switch on the pulse counter box (Fig. B9) is used to interrupt the input
pulse train to allow pulse count recording for a discrete interval. The
total distance can be calculated from the pulse count; the fifth-wheel
outputs 50 pulses per foot of travel (the pulse counter reads every other
pulse on the fifth-wheel). Thus the total count divided by 25 yields the
distance traveled in feet. The front wheels output 100 pulses per
revolution, so the rolling circumference of the tires is necessary to
convert the number of front wheel pulses to distance,

The DPMs receive their input signal (Fig. B10) by way of the selector
switches (Fig. Bll). When displaying load~cell readings the DPMs read in
hundrediths of millivolts and represent the actual force in pounds. A
decimal point is added to the DPM display when a velocity channel is dis-
plaved; the readout {s in miles per hour.

To facilitate driver readout in actual pounds of force and speed, the

input signal, piggybacked from the input leads to the Series 400

13




Pulse Counters

Front-wheel Force and
Speed Readout Meters

5
B

Switches

Readout Meters for
Rear-wheel Expansion

2. FEquipment mounted on the floor.

[ VI WO ¥

‘ b. Fifth-wheel speed readout mounted on the dash.

Figure 15. Driver readout unit,
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Pulse Pickup
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toad Ceil ond Load Cell and
Pulse Pickup Pulse Pickup

Figure 16. Block diagram of the instrumentation
installed in the CIV,

multiplexer (described later), must he zero-adjusted and scaled. This is
accomplished by a differential amplifier, which, for space and convenience
consilerations, was constructed on a hlank Series 400 card anl is housed in
the multiplexer box, A schematic and connector instructions are suppled in

Figures Bl12 and B173,

DATA ACOUISITION AND MANIPULATION EQUIPMENT

Up to this point the description of the CIV has involved basically
nonremovable or integral parts of the vehicle (the external fifth-wheel
asgsemhly is removable). 1If the proper inputs to and outputs from tie
measuring devices are satisfied, any system for readout and recording could
be attached. This section contains a description of the present data
acquisition equipment and its operation. Figure [6 {s a general block

diagram of this equipment.

15




Velocity Signal
Conditioner

Series 400
Multiplexer

Series 300 Load-cell
Signal Conditioner

Fipure 17. Data acquisition equioment.

Eleven channels of ianformation have been identified; seven are force
measurements from loal cells (strain-gage bridges) and four are velocity
measurements from a tachometer generator or pulse pickups. Fach load-cell
and pulse-pickup channel requires an excitation or power source in order to
function. This power is supplied by two signal conditioners, one for the
load cells and the other to configure the velocity channels.

Load-cell signal conditioner
The load-cell siegnal conditioner is a Neff Series 300 model (Fig. 17)

and allows each channel to be separately configured for a particular trans-
ducer type. The signal conditioner provides a constant-voltage (2-10 V
d.c.) or a constant current (2-50 mA) excitation. It also furnishes
circuitry for hridge completion and remote-control calibration.

Connections to the Series 300 from the load cells are hard-wired in

groups of four channels to a screw terminal p-c card edge connector

16
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Figure 18. Series 300 straln-gage mode card.

accessible from the rear of the unit. A typical coanector and the key to
attachment is illustrated in Figure BRS.

The Series 300 is equipped with four-channel 1input conditioning plug-
in circnit cards. ERach of these cards contains an excitation power supply,
relays and calibration circuits for each of the four channels it condi-
tions. Four mode cards may be attached to each input conditioning card,
The mode cards provide circuitry for bridge completion and balance, and
positions for mounting shunt resistors. Figure 18 shows the strain-gage
mode card as it is confipured for each of the load-cell channels. Excita-
tion is monitored from the froat of the card and adjustel with resistor
R5. Likewise, transducer output can he monitored on the mode card and the
bridge balanced with R7?7. The system is normally adjusted to provide a 10-V

d.c. excitation to each of the seven load-cell channels.

Output from the Series 300 comes from the rear-mounted card-edge

connectors and consists of high and low signal terminals amd cahle shield

connections (Fig. BS).

The Series 300 can be operated in either a local or remote mode as
chosen by switch SWS on the reference supply, relay driver card (Fig.
19). 1In the local mode an LED indicator and switches SW! - SW4 are acti-
vated. Relay K10l is activated by placing switch SW1 in position 1 (not
position N as indicated in the Neff Serles 300 manual). This enables
voltage calibration of each channel when the optional voltage dividers are
installed. The present system does not have these dividers. When K10l 1is
activated, a short is placed across the output leads, allowing a system

zero~point reference,

17
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Voitage Catibration
swi r@- 0 K101 (system zero without voltage dividers)
i Sw2 : K102 Shunt Resistance (strain gage)
by o Voltage Substitution (thermocoupie)
|
o Sw3 & K{03 Not Used
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¢ al
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TP8| P High

}Excnohon Monitor

TP9| PLow

U

Figure 19. Series 300 reference
supply, relay driver card (0 =
off, 1 = on).

Table 1. Shunt-reststor load equivalent values.

Channel _ Signal _ Resistor Value (X0) Load Equivalent (1lbs)
1 R. Vertical 150 2124
2 R. Longitudinal 150 2001
3 R, Side 300 1992
5 T.. Vertical 150 2184
: A L. Longitudinal 150 2011
i 7 L. Side 300 2108
1 9 Torque Cell _ 60 594 (in—1bs)
i
i The activation of relay X102 puts resistor Rl (Fig. 18) into the
% bridge parallel with one arm of the hridge. This enables single-point
§ shunt caltibration, provided the load equivalent of the resistor has heen
‘ calculated and the bridge has been balanced (zero output) before K102

is activated. 1t is important to zero the bridge first to avoid the possi-

bility of nonlinear calibration. Shunt values for each load-cell channel
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on the CIV are listed in Tahle 1., Relays K103 and X104 are not used with
the standard input conditioning cards in the CIV,

Switches SW1 - SW4 can also be operated remotely if SW5 is in the
remote position. This 1s accomplished with instructions entered through an
interface (discussed later) connected to port J15 (CAL ADDR in) located on
the back of the Series 300,

Velocity signal conditioner

A second signal conditioner (Fig. 17) provides the necessary circuitry
for the velocity channels, This unit was initially constructed by NATC and
has suhsequently bYeen modified by CRRRL to function properly with the new
instrumentation. The velocity signal conditioner converts the incoming
pulse frequencies (from the proximity detectors) to a d.c. voltage, which
represents speed. Three of these converters are present, one for each
front wheel and one for the rear propeller shaft. Conversion from fre-
quency to d.c. for the fifth wheel is not necessary since an analog signal
is output from the assembly's tachometer generator, Circuitry is provided
for making scaling adjustments (located on the front face) and for filter-~
ing (switches on the back panel). Input and output from the velocity
signal comditioner is via connectors located on the back of the unit (Fig.

B6).

Multinlexer and analog-digital converter

Conditioned analog (d.c. voltage) signals from each of the l1 data
channels are output from the two signal conditioners into a Neff Series 400
multiplexer (Fig. 17). The Series 400 contains a high-speed analog-signal
multiplexer, programmable gain amplifiers, a sample-and-hold amplifier, an
analog-to-digital converter and logic for interface control. The unit
houses differential multiplexer plug-in circuit cards containing 10-Hz
low-pass filters and remote-controlled channel switches for 16 channels.
The output from the multiplexer card is applied to a two-stage programmable
gain amplifier, which allows full-scale input sensitivities from 5 mV to
10.24 V. The signal is then passed through a sampling-rate filter and a
sample-and-hold amplifier before analog-to-digital conversion and output.

Input to the Series 400 from the Series 300 and velocity signal condi-
tioners is hard-wired in groups of 16 channels to a screw terminal p-c card
edge connector locatad in the rear of the unit. Attachment instructions

are illustrated in Fig. B7.
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Figure 20. Series 400 last-channel switches.

Unlike the Series 300, the Series 400 can only be operated in remote
mode. An optional control panel (not present in the CIV) would allow some
local control.

The Series 400 can be operated in one of two channel addressing modes,
sequential or random. MDuring sequential operation, data samnling begins at
channel 0 and continues until the last channel is sampled. The channel
address pointer is automatically advanced by one each time a channel is
sanpled until the last channel is converted, at which point the address
pointer is reset to channel 0, The number of the last channel to be
sampled 1is set on the last-channel switches (Fig. 20) located on the logic
control card in slot 2 of the card cage. The switches consist of a minia-
ture eight-toggle assembly. FEach switch, when set to the open position,
generates a logic one while the closed position produces a logic zero. The
last channel to be sampled i{s then chosen by producing a base two number
(ones and zeros), which represents the last-channel address. For conveni-
ence, hase ten numbers are listed beside each toggle. The last-channel
address can be easily set by adding the appropriate combination of base ten
numbers and putting each of their toggles to the open position, with all

others closed. Channel addresses bhegin with 0, so that for a system with




Figure 21. Series 400 throughput-rate
switches.

52 input signals the last channel address is 51. (Last—~channel switches
for this example would have toggles set open for the base ten numbers 1, 2,
16 and 32, while all the remaining toggles would be in the closed posi-
tion.)

Rantom mode addressing requires that the system be fed a channel
address each time a request-for-conversion is initiated. When set to
random mode the Series 400 deactivates the last-channel switches.

The actual time required to sample a channel is governed by the
throughput-rate switches (Fig. 21), which are mounted on the filter,
sample-and-hold card in slot 4 of the card cage. These push-button
switches represent (from top to bottom) 1.25~, 2.5-, S.0- and 10-kHz con-
version rates. Selection of a throughput rate not only sets the per
channel sampling time but automatically adjusts a sampling-rate filter to

an appropriate bandwidth for that conversion rate.

21




The Series 400, as mentioned previously, is operated remotely through
an interface. Details of operation via the interface are covered in a
senarate section; however, the operation of the Series 400 is briefly
covered here to avoid confusion with interfacing instructions and function-
ing.

Before actual sampling, the correct throughput-rate and last-channel
switches must be set. To select the proper conversion rate, the total
number of channels to be sampled must be multiplied by the desired
scan rate (time hetween successive samples on one channel). This number
indicates the total number of readings (conversion cycles) that must be
performed per unit of time. The throughput-rate switch must be set so that
conversions are accomplished at this speed or faster. The last-channel
switches should indicate a number that is one less than the total number of
channels to be scanned.

Operating the multiplexer in a sequential addressing mode requires
that the SEQ/RAN line be set to a positive~true level (hinarv 1). This
instruction resets the address pointer to channel 0 and activates the
last-channel switches. A gain code is then read, which represents the
magnitude of the expected full-scale analog input. Gain codes and their
corresponding maximum sensitivity levels are shown in Table 2. Sampling
may now begin by issuing a positive-true level on the STEP/STROBY line.
When the STEP/STROBE line is set, the Series 400 begins the conversion
cycle and may not be interrupted again until the system has output a data
word and has issued an EOC (end of conversion) pulse. Nn the trailing edsae
of the EOC pulse, the channel address pointer is advanced by one, and the
system can again accept a STEP/STROBE input. MData may be read on the
trailing edge of the EOC pulse, even if a new conversion cvcle has been
ianitlated.

Random mode sampling is accomplished by not setting the SEQ/RAN line
(binary N). The gain code and channel address must be specified for each
conversion request and may be issued before or with each STEP/STROBE
pulse. As with sequential operation, an EOC pulse follows output of a data
word and a new conversion cycle may he initiated.

The minimum time required to complete a scan (one sample taken for
each channel in the system) is found by multiplying the number of channels
by the selected throughput sampling time. This assumes that STEP/STROBE

pulses are issued immediately after an ENC pulse is received. Sampling
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Table 2, Gain code - full scale sensitivity values

o Gain code
Base 10 . Binary Gain Sensitivity
11 1011 2048 S mV
10 1010 1024 10 mv
9 1001 512 20 mV
8 1000 256 40 mv
7 0111 128 80 mv
6 0110 64 160 mv
5 0101 32 320 mv
4 0100 16 640 mV
3 0011 8 1.28 v
2 0010 4 2.56 V
1 0001 2 S.12 v
0 0000 1 10,24 V

rates (channel-to-channel delay) can then he governed by the time between
consecutive STEP/STROBE pulses., The scan rate is a function of the time
used to sample all the channels plus any delay inserted hetween the EOC
pulse received from the last channel and the STEP/STROBE pulse for the

first channel.

Output from the Series 400 consists of a digitized two's-complement
[2-bit word., The output word is available to the interface on the output
register during the channel neriod following analog-to—digital conversion.
The output interface is connected through port J6 on the rear of the Serles
400, Input instructions during remote operation of the multiplever are
transferel via the interface through port 18,

Minicomputer

The Series 300 and 400 are operated in the remote mode by a Hewlett-
Packard 9845R minicomputer (Fig. 22), The computer, through a 16-5it
parallel interface, sends instructions that set appropriate switches,
furnish sequential or random sampling, gain and channel address informa-
tion, and initiate conversion cycles. Data words sent back by the Series
400 are read and stored for later manipulation.

The 9845 has two 217K-byte tape cartridge drives, which are used for
mass storage of data and programg, A 187K-byte read-write memory is avail-
able for working semiconductor memory. Data and programs can be displayed

with the computer's 20~1ine, 80-column CRT or the 80~column internal
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Figure 22. Hewlett-Packarl 9845 minicomputer,

thermal printer. A graphics read-only-memory (ROM) allows data plots to he
generated and outputs in video or hard copvy form. The 9845 also has a
real-time clock, which is used to measure time intervals accurately and to
generate interrupts for initiating a scan or conversion cycle., The entire
data acquisition system is operated through the software instructions used

by the computer.

SOFTWARE

The HP9845 computer programs for use with the CIV are written in BASIC
prozramming language. Two primary programs are present, one which controls
anl acquires data during operation of the vehicle (DATACD) and one for
reading and maninulating stored data (READ-2). These programs are listed
in Apnendix C.

The programs are written in an interactive mode and prompt the user
for the required input. Where convenient, a menu is provided to allow the
user to choose the desired routine,.

The data acquisition program (DATACQ) is divided into a main program,
which gathers documentary information about the locality and conditions

present in the test area, and several subprograms. The main program begins
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by checking to see that the rflata storage cartridge (tape 4rive Tl4 on the
9845) is not full (42 files)., If full the program directs the user through
a cartridge-changing procedure.

The user must next choose whether to proceed into the main program
or to run the calibration subprogram (Calibration) (line 360). The purpose
of the calibration subprogram is to take zero~load, zero-speed readings and
shunt-resistance, fixed-speed readings and to calculate the appropriate
scale factors for each channel. The subprogram stores the zeros anl scale
factors in a file which always begins with the letter C. A new callbration
file should be created each time the data acquisition system i{s turned on,
the front tires are changed, or the air pressure in the shock absorvers 1is
changed,

Following input and printout of the documentary data (lines 400-1250),
a channel sampling subprogram (Scan) is called (line 1240), which performs
the actual data conversion and transfer. Subprogram Scan is set up with a
series of two interrupts. The 9845 real-time clock is used to generate
interrupts at a user-chosen rate., This rate represents the frequency with
which a call i{s made to the subroutine Sample, which sequentially collects
a data word from each channel in the systems The clock interrupts a
meaningless infinite loop (lines 1890 and 1900), which allows the Sample
routine to be addressed as quickly as possihle following the clock signal.

Data acquisition may be terminated in two ways. The program is set up
to hold a maximum of 1470 data points per channel. The clock interrupts
and the Sample routine are automatically disabled when 1400 data scans have
been completed. Should the test be finished before the max{imum nunber of
scans is completed, data acquisition can be terminated hy the user by
pressing the special function key KO, which is defined in an ON KEY state-
ment (line 1730)., This user-generated interrupt has a higher priority than
the clock-generated interrupt, so it is always serviced when called.
Details of the coding used in the Scan subprogram to control the data
acquisition equipment will be covered in the interfacing section.

When data acquisition 1s complete, a menu is offered the user (lines
1310-1420). 1Included are subprograms for storing data, viewing the raw
data, plotting the data, stopping the program, rerunning the program,
calibrating the system, and generating several calculated values. The
Store subprogram saves the documentary data gathered in the main program

and all of the data acquirel by Scan. The data taken in Scan are stored in
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their internal, unformated hinary form. This greatly conserves storage
space on the tape cartridge. Any subprogram that requires viewing or
calculation of weaningful numbers requires conversion of the data acquired
in Scan. The Convert subprogram {s automatically accessed when a
subprogram requiring meaningful values i{s chosen from the menu. Uising a
variable-to-variable transfer and the appropriate calibration file, the
binary data are converted to numbers in units of pounds and miles per
hour. As part of the Convert routine, the binary data must be inverted
(zeros changed to ones and ones changed to zeros). This is accomplished
with the BINCMP function (line 3950) and {s necessary because the Series
400 uses positive-true logic, while the 9845 interface and computer use
negative-true logic.

Data plots can be created with the Plots subprogram. Any of the
measured quantities may be chosen for the ordinate, while time, di{stance
or differential interface velocity are the cholces for the ahscissa. Both
the right- and left-wheel dAata (for the chosen quantity) are plotted on a
single graph. Distance, although not measured directly, is found by
integration of the speed vs time data. Since hoth wheel and vehicle
(fifth-wheel) speels are being measured, plots can be with wheel or vehicle
distance,

Several value-generating subprograms are included in DATACO. The
Average subnrogram gives the user the choice of which data channels he
wants average force or speed values for., The value returned can be the
average for any percent (chosen by the user) of the data points taken.
Subprogram Average sorts the data into an ascending order array and then
averages the upper percent chosen by the user. 1f a 100% average is
requested, the array-sorting routine is omitted and all the data points are
averaged.

Subprogram Slip-energy is an integration routine that calculates the
area under the longitudinal force vs distance curve. The energy term
generated by the subprogram can be relative to wheel or vehicle distance.

Program READ-2 {s designed to access data files thch were acquired
and stored by DATACN. This program is also structured with a main program
and several subprograms. The main program requests the file name of the
data file to be viewed (line 140) and reads the documentary and test data
from the file. The Aocumentary data may or may not be viewed. Test data

are then converted with subroutine Convert, just as in DATACO. Access to
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the subprograms i{s through a menu item selection (lines 420-520). The
REAN-2 menu contains the same routines as DATACNH, except Stovre and
Calihration,

Programs DATACO and READ~2 are stored on the tape cartridge labeled
"master cartridge.” This cartridge must be run from tape dirive T15 on the
9345 computer. Nata cartridges, elither for writing data to or reading data
from, are operated in tape drive Tl4., The master cartridge contains a
program AUTOST, which is designed to load and run DATACO or READ-2, depend-
ing on the user's choice. 1f the AUTOST key on the computer is latched in
the down position before the power is turned on to the computer, program
AUTOST is automatically loaded and run. Thus, hy depressing the AITOST keyv
before turniang the power on, the user need only to respond to self-directed
questions posed by the computer; no previous knowledge of the 9845 computer

or its operation is necessary for running programs DATACQ or READ-2.

INTERFACING

Interfacing, the process of intercommunication between the 9845 com-
puter and the nrogramma“vle peripherals, is performed in subprograms S3can
and Calibration. The interface card used to {mplement communication with

the Neff instrumentation is a l6-bit-parallel interface and cahle (Fig.

- O“\.\\‘l\\\\
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Figure 23. Sixteen-bit-parallel interface and cable.
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Bit 7 | Bit 6 Bit 5 Bit4 | Bit3 | Bit2 | Bit1 | Bit0

INT | DMA | RESET| AH — ~ CTL1 | CTLO

INT: Interrupt Enable on FLG = Ready
DMA: Direct Memory Access Enable !
RESET: Reset the Card 1o )ts Power-on State {
AH: Auto Handshake Enable
X: These bits are not used and maybeal1ora0
CTL1,0: General User-definable Controt Bits

wigure 24. Bit assignments for the R5-out interface register.

23). This itnterface allows 16 bits of binary data to be transferred
simultaneously either for input or output. Several other peripheral
control and status lines are also present,

All communication with the 98032A interface is addressed to the RS
interface register. The specific bit arrangement which is sent to the
register dictates the interface's mode of operation. TFigure 24 illustrates
the bit assignments for the R5-out register (information sent by the
computer). Input of a binary 1l to any bit constitutes "setting” a partic-
ular bit.

Bit 7, when set, instructs the interface to request an interrupt of
the input-output (I/0) processor whenever the peripheral indicates (to the
interface) it is ready. Bit b enables a direct wemory access (DMA) trans-
fer each time the peripheral fndiicates it is ready. A normal DMA transfer
is handled automatically by the I/9 read-only-memory (ROM), and thus pro-

gram set and clear of bit 6 is unnecessary. Bit 5, the reset bit, is used

to return the interface to its power-on state (hits 4, 6 and 7 cleared).

Bit 4 of the RS out register is used to operate in an "auto-handshake"

mode, and like bit A, it is normally operated automatically with the I/0
ROM. No meaning is placed on bits 3 and 2; their values are ignored.
Register hit 0 is used with the CIV system to 1irect instructions to the
two programmable peripherals (Series 300 and 400)., When the bit 1s set,
subgsequent 1/0 instructions are directed to the multiplexer (Series 400).
A binary zero in hit 0 causes remote instructions to he sent to the Series
30N signal conditioner. Bit 1 is not used with the CIV system.

The control byte (the bit pattern sent to the R5~out register) is set
up 1n the CONTROL MASK programming statement. This statement defines the
bit configuration for ENTER and OUTPUT transfers. The mask value is the
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Bit 7] Bit6 Bit 5 Bit4 | Bit3 | Bit2 | Bit1 | Bit0

INT | DMA 1 0 [o] 10D | ST STI0

iNT: Interrupt Enabled Indicator
DMA: DMA Enabled Indicator
1ID: Invert input Data Jumper Installed
10D: Invert Qutput Data Jumper Installed
S§T11,0: General User-definable Status Bits

Figure 25. Bit assignments for the RS~in interface
register.

base 10 equivalent of the binary sequence of ones and zeros that set or
clear the R5 register bits. The CARD ENARLE statement is then used to
actually write the current mask value to the RS register.

Operational information (nondata) is sent bhack to the computer
(through the interface) through the R5-in register. This eight-bit
register is ianterrogated by the computer to gain information about the
status of the interface. The bit assignments for the R5-in register are
shown in Figure 25.

Bits 6 and 7 indicate (when their value is binary one) whether or not
the interface card has been made available for DMA or interrupts, respec-—
tively. Bits 4 anl 5 are set at the factory, Bits 2 and 3 indicate the
presence or absence of hardiwire jumpers on the interface card. The two
Jumpers tested for by bits 2 and 3 have been installed on the 980324 inter-
face card and indicate that the incoming and outgoing binary data need to
be inverted (complemented). This allows meaningful communication between
the negative-true-logic computer and the positive-true-logic Neff peri-~
phierals.

The final two hits, 1 and 0, are defined by the user and may be
connected to any peripheral output lines. Line connections bhetween the
interface and peripherals are shown in Fieure 26, The standard Hewlett
Packard nomenclature {s shown beside each interface connection. The
signals carried by these lines to and from the Series 300 and 400 and their
meanings to the peripherals are also shown in Figure 26. Several standard
jumpers are installed on the {nterface, allowing the computer-interface-

peripheral system to operate efficiently (Table 3).
To fully explain the interfacing technique and how it fits in with the

information presented in the sections covering data acquisition equipment
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Qutput from Comou'erv——’—olnput to Computer
__Series Series 980324 Sertes_
300 400 Interface Cable 400
! |
|

A 8 '
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f I :
Figure 26. Cable connections between the
Series 300 and 400 peripherals and the bit-

parallel interface. l
1. Random mode: 0O; sequential mode: 1. :
2. Switches activates: 0; off or normal

operation: 1.

and software, portions of the Calibration and Scan subprograms will be
described 1line by line. 1In the Calibration subprogram (program DATACO),
line 2420 issues the first interfacing-related instruction. As previously
mentioned, the CONTROL MASK statement sets the bit pattern for the RS5-out
register. The bit pattern in line 2420 is defined by a base 10 zero (which

converts to a binary zero) and is meant only for the interface with its

? select code set to 6 (thus the 6 before the semicolon). Line 2430 writes
5 this bit pattern to the RS register of the interface with select code 6,

4 Figure 24 shows that the function of lines 2420 and 2430 is to clear all

: seven of the control byte bits, Bit O being cleared, subsequent instruc-
: tions will be directed to the Series 300. Line 2440 writes a data word to
‘ the Series 300 through the interface on select code 6 using the work hand-

shake (WHS) mode of data transfer. Handshake 1s a term that describes the

sequence of operations which occur when a data unit is transferred. The
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Table 3. .Jumper wires installed on the 98032A interface.

Jumper I —_— —
9 Clocks the high input byte when PFLG goes ready from busy.
D Clocks the low input byte when PFLG goes ready from busy.

1 Sets bit 3 in the status register, changes the input data
lines to positive true logic.

2 Sets hit 2 in the status register, changes the output data
lines to positive true logic.

3 Comnlements the logic sense of PCTL; high = control set and
low = control clear.

B Selects the words input mode,

¥ Selects the words output mode.

7 Allows the calculator to activate the NDMA (Direct Memory

Access) mode of operation.

handshake's basic purpose is to ensure proper timing during the transfer
process. The data word sent by line 2440 is the bhinary equivalent of (base
10) 15, which i1s 111l. Figure 26 shows that this bit pattern clears (i.e.
normal operation) all of the relay switches in the Series 300, Thus the
peripheral unit is readied for normal data gathering. The format used to
send this bit pattern {s indictated by the USING “#, W" portion of the
statement. The # specifier suppresses both the carriage-return and the
line-feed normally output at the end of an output list. The W specifies
that two bytes of two's complement binary data is to be output.

Lines 2450 and 2460 set the R5-out register bhit pattern so that all
bits are cleared except bit 0. This pattern directs future instructions to
the Series 400, The OUTPUT statement in line 2490 is again directed to the
98032A interface (set to select code 6) and uses the same transfer and
formatting types. The data word sent to the Series 400 is the binary
equivalent of the base 10 result of the expression to the right of the
semicolon. The gain code (represented by variable Gain) is defined in line
2350 and sets the system sengitivity as shown in Table 2. Gain i{s multi-
plied by 2048 so that the gain code will be placed in bits 11 - 14 of the
output (from the computer) word (Fig. 26). Since hit 15 has not heen set,
the Series 400 is prepared to run in a random channel-sampling mode, and
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thus requires a channel address for each call to the perinheral. The
channel address is given by the (J-1) expression, which is defined by the
loop set up In line 2480, Since it is handy to think of the channels as
being nunbered 1 - 11, the channel adldress (for the Series 400) must he
decreased by one since the peripheral channel addresses begin with zero.
(With Gain = 10 and J = 5 the output word equals 20484, which translates to
0101000000000100 in binary., This bit pattern is sent to the Series 409 on
the interface cahle lines DOO - DOLS5.)

The ENTER command (line 2500) reads the data word on cable lines DIO -
DI15. Since the Series 400 employs a 12-bit A/D convertor, only the first
11 lines contain the data word. The same interface select cole is refer-
enced by the ENTER statement. The format for input cancels the line-feedl
terminator (#, data entry terminates with the last item in the enter list),
and requests input of one 16-bit word from an interface (W).

Lines 2530 - 2630 repeat this sequence; however, a 13 (binary 1101) is
output to the Series 300 (line 2550), which activates switch K102 for
7 shunt-resistance substitution.

The next series of ianstructions in the subprogram Calibration that
involve interfacing are lines 2720 - 3050. The Series 300 is switched back
to normal operation in line 2740, The output word sent to the Series 400
(Line 2770) includes the gain code (multiplied by 2048 to move it into bits
11 - 14). The -32768 value converts to a binary number, which has a one in
bit 15 and zeros in all others. This sets the Series 400 for sequential
mote sampling, and thus no channel addiresses are necessary. The call to
sequential mode sampling in line 2770 also resets the channel address
pointer to chaunel 0. Upon each successive conversion the pointer is
advanced by one until the last channel (set by the last-channel switch) is
reached.

Lines 2890 - 3050 repeat the sequence in lines 2720-2880, except with
the Series 300 operating with switch X102 activated. The data acquisition
sequence in lines 3060-3260 is pe-formed in the random sampling mode (line

! 3230) and with the Series 300 in normal operating mode (line 3080).
The Scan suhprogram involves interfacing to both the 98032A interface

(select code 6) and the real-time clock interface (select code 9). Lines
1660 - 1680 ensure that the switches in the Series 300 are set for normal
operation. Instructions in lines 1690 and 1700 set up the real-time clock

for operation as a counter and as an interrupt producer. The ON INT #9
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statenent (line 1740) instructs the program where to Sranch when an f{nter-
rupt request is received from the clock. This interrupt {s given a prior
ity of 8 so as to he overridden by any user-produced interrupt produced by
key KO (defined with priority 15 in line 1730).

The mask value of 128 (line 1750), which is defined for the clock,
enables the clock to request interrupts (sets bit 7 of the RS out
rezister). Interrupts froa the clock are generatei at an interval (scan
rate) that is defined in line 1760. The CARD ENABLF 9 statement enables
the clock to request an interrupt of the processor for the purpose of
transferring program control (since {t is being used with an ON 1.iT state-
ment). Lines 1780 - 1800 set up the Serles 400 for sequential mode
sampling and set the svstem gain,

The CONTROL MASK statement in line 1810 sets hit 5 (anl bit 0) of the
98032A R5-out register. Bit 5 is used to return the interface to its
power—-on state, which causes the PCTL hanishake line to return to high,
Normally this would indicate that control is not set; however, with jumper
1 installed, PCTL high indicates that control is set.

The PCTL line 1s paired with the PFLG line. The peripheral sets

control (low-to-high transition) on the PCTL line by a low-to-high transi-

tion on the PFLG line. Figure 27 illustrates how these features accomplish
the data handshake process. The CONTROI MASK statement (line 1310) then
defines a bit arrangement which gives control over the state of the PCTL
(STEP/STROBE) line. When the CARD ENABLF 6 statement is executed, the mask
bit arrangement is sent to the interface and the STEP/STROBE pulse is
issued,

Line 1850 causes a3 20-ms delay to be completed by the interrupt unit
of the clock before any interrupts are issued., This {s to allow the
beginning time reading (lines 1870 and 1880) to he completed hefore any

interrupts are requested. Line 1860 actually starts the clock and begins

Seq  Fan ( T Ta— Puise ar { to | Transit.on
d- Betore .t with Step/Strobe
<r"D’S"ClDPJ i L_
AJ;iréqs:nf"(;qwn L srac A r Chan 8 Lchan <
Busy | ” M
[XelN N

Datadut | Previous Chan a Chan & acnona
- Data Not v —

Figure 27. Sample sequence timing.
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the data acquisition process. Program flow then continues into an endless
loop. The ON INT #9, CONTROL MASK 128, CARD ENABLE 9 sequence produces
clock interrupts that hranch program flow to the subroutine Sample. When
an interrupt request is recelved, the processor first completes execution
of the current line before interrupt branching i{s taken. Thus, the rapidly
executed meaningless statements in lines 1890 and 1900 are inserted in the
program.

Upon receiving the request for an interrupt, the processor branches to
subroutine Sample. The clock is made available for interrupts {(line 1210)
so that the scan rate can be maintained as closely as possible.

A special form of data input is utilized in line 1940 in order to
gather the digitized Series 400 output as rapidly as possihle. This
transfer is an unformatted (NOFORMAT) word direct memory access (WDMA)
input. By specifying NOFORMAT the data are sent and received in their
internal birnary form. Using NOFORMAT the number of words to bhe transferred
must be specified; this i3 represented by the variable N, When the ENTER
statement is called, the PCTL line is still in the high state and
constitutes the issuance of a STEP/STROBE pulse. The Series 400 then
converts one channel of data, the channel indicated by the channel address
pointer. Channel 0 will be converted on the first STEP/STROBE pulse since
the address pointer was reset to channel 9 when the Series 400 was set up
for sequential sampling mode (line 1800). Following analog~to-digital
conversion and placement of the data word on the interface cahle lines DIN
- DIl1l, the Series 400 issues an ENOC signal (low to high on the PFLG
line). Since jumper 3 is installed in the interface, the incoming EOC
signal causes the PCTL line to return to its high state (control set).
This issues another STEP/STROBE pulse, which initiates another conversion
cycle. The data word read at the end of each conversion cycle satisfies
one count toward the count parameter N (line 1940). The self-triggering
conversion cycles will continue until the number of data words read equals
N. At this point the enter list (variable Dt$) is satisfied and the ENTER
NOFORMAT statement is terminated.

Line-by-line execution proceeds to line 1950, which returns the

program to the line following the one that was being executed when the
interrupt request was received. This will be either line 1890 or 1900, and

the endless loop execution will continue until another clock-generated

interrupt request is received, The endless loop is automatically exited
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if 1400 data scans have heen completed (array Nt$ is full, line 1930). If
a test is completed before 1490 scans have been executed, the loop may be
exited by pressing special function key K0, which was defined in line
1730. TImmediately after data acquisition is complete, an end time reading
is taken (lines 1960 and 1970). The actual time between scans is then
calculated from the beginning and end times and the number of scans
completed (line 2020).

The data in array Dt$ are still in an internal binary form and are not
suitahle for Aisplay or calculation, Fach member of the character array
DtS is a single binary character string that represents the readings taken
from all the channels during a scan. Subprogram Convert uses a variahble-
to~variable transfer to convert the character strings into separate numeric

data items. Data are stored, however, just as they are in array DtS.

OPERATION

Basic Functioning

Instrumentation in the CTV may be used with or without the vehicle's
engine running. For inside use or for performing system checks where
running the engine is impractical, an extension cord can be used to provide
the 110-V power requirements of the instrumentation. A receptacle is
located on the far right side of the back of the vehicle, and a switch,
located in the vehicle's rear compartment on the right side, is used fcr
selecting inverter or shore (external) electrical supply. Receptacle and
switch positions are shown in Figure 28. When operating from an external
electrical supply, the instruments which require 12-V d.c. power are run-
ning off the vehicle's batterv.

When using the inverter to supply electricity, the vehicle must be
running hefore the invertor is switched on. The selector switch should
then he moved from the center (off) to the inverter position.

Once the electrical supply for the vehicle has been established, power

for any instrumentation 1s available at the power strip located inside the

vehicle cab (Fig. 8). This outlet block contains an omroff switch, an
indicator 1ight and a circuit breaker. Switching the barrier strip on
automatically turns on the Series 300 and 400 units., The computer has its
own on-off switch located on its right side. The velocity signal con-

ditioner switch 1s used to turn on the driver readout unit, both signal
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Figure 28. FExternal power receptacle and switch.

conditioners aml the multiplexer. The fifth-wheel system i{s activatei fron
the display unit's omoff switch (Fig. 13h).

Set-up for a test should include adjusting the excitation supply
(10 V) to each load-cell channel (variahle resistor RS, Fig, 18) anl
placing the remote-local switch (Fig. 19) and switches K101 - K104 in the
iesirel positions (for local operation only, Fig., 19). The throughput-rate
switches (Fig. 21) should also be set, With the power off, the last-
channel switches (Fig. 20) should be set and the 98N32A interface card
plugged into the 9845 computer.

The actual test may now be started by latching the AUTOST key on the
computer in the down nostion and turning it on (with the master cartridge
in tape drive T15 and a data tape in Tl14). 1f the AUTOST key is not used,
the instruction GET "DATACQ:T!5" followed by pressing the EXECUTE key will
load the data acquisition programs. When the program “-s been loaded,
pressing the RUN key will begin the program. The same sequence can be used
with GET "REAND~-2:T15" to load and run the read program.

Calibration procedures

To ensure that accurate force and speed readings are heing obhtained,

several levels of system calibration must be regularly performed. These
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range from the readings which zero out the weight of each test tire and
measure their rolling circumference to a whole system calibration which
determines the accuracy of the shunt resistors and the fifth~wheel measure-
ments. Calihration of the data acquisition equipment itself is covered by
the appropriate manufacturer's manual.

In-field or pretest calibration is essentially a self-directed process
performed by the Calibration subprogram. The program collects zero and
shunt resistance values for the vertical force channels with the front of
the vehicle elevatel. Mpon being lowerel the vehicle is rocked hack and
forth by switching the gearshift between forward and reverse. It is then
allowed to roll to a stop (with the transmission in neutral) and zero and
shunt resistance readings are taken for the longitudinal and side force
channels; zero readings are also taken for the velocity channels. The
rocking procedure 1is pectformed to remove any “unnatural” forces developed
when the tires were lowerel hack onto the pavement following vertical force
channel sampling, The velocity channels are scaled by driving at a con
stant speed of 10 mph while data sampling occurs on those channels.

Miring the program—directed calibration procedure, the iriver readout

unit may be adjusted if necessary. When elevated (vertical channels zero)

and after rolling back and forth (longitudinal, side and velocity channels
zero), the zero-adjust resistors on the driver readout amplifier can be
adjusted to yield a zero reading on the DPMs. TLikewise, when shunt
resistance is substituted into the bridge, the gain resistor of the
amplifier may be adjusted to display the shunt resistance load values on
the DPMs, The velocity channel resistors can bhe adjusted during the 10-mph
run.

The driver realout unit can also be adjusted by switching the Series

300 to local operating mode and manually switching the shunt resistors in
and out (switch K102, Fie. 19). (The zero for vertical channels still
requires jacking the front of the vehicle off the ground,)

The subprogram finally calculates scaling factors and stores these and
the zero readings in a file that begins with a C and includes the date and
tire cole, As previously mentioned, a new calibration file should he
collected each time the front tires are changed (to zero out the weight of
the tire), the inflation pressure of the shock absorbers 1s changed, or the

system {s turned on,.
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The whole system should be calibrated periodically (approximately
every 100 hours of use) or whenever concerns about the validity of the data
arise. Two forms of whole system calibration will be discussed; the first
is perhaps better identified as a system ad justment.

The system adjustment is performed to obtain maximum sensitivity from
the instrumentation. The Series 400 returns digital values (counts) in the
range from —2048 to +2047. The system ad justment zeros and scales the
incoming signals so that the expected range of these signals is spread over
the largest portion of the numbers from -2048 to +2047 but does not fall
outside then.

Lines 3730 - 3790 of DATAC) are included in the Calibration suhprogram
as comment statements (non-executed). By removing the leading exclamation
point from each of these lines, running of the subprogram will generate a
hard copy of the digital zero values. Also output is the shunt
(calibration) value and the scale factor, which represents the number of
pounds (or miles per hour) per digital count. Ideally channels ! and 5
(vertical force) should have zero values near -2048 (or well into the
negative numbers), since the vertical force varies hetween zero and
approximately 2000 pounds (it does not go negative). The longitudinal and
side forces are bhoth two—lirectional forces, yielding positive and negative
values. The side forces are symmetric, and thus the zero load reading
should yield a digital count near zero. Longitudinal forces are not
symmetric; generally force magnitudes in traction (positive) can range up
to twice as much as resistance (negative) forces. Thus, the zero load
count for longitudinal forces should be about -700. Zero load count values
can be adjusted with resistor R7 on the strain-gage mode card (Fig. 18).
Rereading the digital counts after adjusting the resistor i{s then accom
plished by rerunning the Calibration subprogran.

Scaling the load-cell channels can only be done in integer multiples
by changing the gain code (line 2350 of DATACQ) in the Series 400. This
increases or decreases the sensitivity with which the Series 400 reads the
input data, as shown in Table 2. (Caution: whenever the gain code in
subprogram Calibration 18 changed (line 2350], it must also be changed in
Scan [line 1630] to acquire meaningful data.)

The velocity channels have no voltage output when the vehicle is at
rest, Thus, the Series 400 returns a digital count near zero for the zero

velocity value. Once scaling (gain) 1s set for the load-cell channels, the
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velocity di{gital count can be checked for a speed of 10 mph from the matrix
output of the shunt values for channels 4, 8, 10 and 11, The digital count
for 10 mph can he adjusted with the knurled variahle resistors (top row) on
the front of the velocity signal conditioner. Since zero speei gives a
count of zero, the maximum speed expected should he set equal to a count of
2047, The count which should bYe output from the calibration procedure

(10 mph) can be found by multiplying the ratio of calibration speed to
naximum expectel speed by 2047,

The second form of whole system calihration 1s quite involved aad
should be performed annually. The procedure involves checking the accuracy
of the shunt resistors and the fifth-wheel assembly, Since no variable
scaling can be performed on the load-cell channels, the accuracy of the
system depends entirely on the accuracy of the shunt resistance substitu-
tion. Table | lists the current values of the precision shunt resistors.
This whole system calibration checks the accura_v of these values and
changes them {f necessary. The reason for including the fifth-wheel in the
calibration {s that {t {3 used to scale all the other velocity channels.
(The 10-mph speed maintainel during suhprogram Calibration is based on the
fifth-wheel readout,)

Calinhration of the fifthrwheel assemhly involves operating it over an
accurately measured course of at least one mile, The vehicle should he
carefully alipgned at the heginning and end course markers and the accumu-
lated nulse counts read from the driver readout unit. Dividing the counts
by 25 yields the distance in feet. T1f the measurel and true distances vary
by less than N.2%, the fifth-wheel tire pressure can be varied to bring the
two into agreement., Frrors greater than 0.2%7 should he corrected by the
manufacturer. The fifth-wheel speed is automatically calibrated when
distance is calihrated, siace a crystal clock is used for obtaining
velocity.

To check the shunt resistor values, a special wheel has been comr
structed for calihrating the longitudinal and side forces (Fig. 29). When
the calibration wheel is heing used, the axle housing should be supported
by a stable jack stand placed only slightly outside the centerline of the
vehicle (toward the side with the calibration wheel)., This allows the
suspension system to be as uninhihited by the fjack stand as possible. Ry
pulling on the calibration wheel chain with an accurate load cell inserted

in the force train, a known load can be applied along the longitudinal or
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Figure 29. Shunt-resistor calibration
wheel,

side directions., Care should be taken to ensure that the direction of pull
is directly along the longitudinal or side axes. 1f the external load-cell
reading differs from the value read out by the subprogram Rawiata of
DATACH, then the value of the shunt resistor for the channel needs to be
changed (lines 3460 - 3560 of subprogram Calibration). f
1f there is a disparity between the load applied to the wheel an?/ihe
force value output by the CIV system, a check should be made to see 4hat
the external force is being applied exactly along the longitudinal of- side
axes. If a difference in values sti{ll exists, the shunt resistor value
must be changed, This is accomplished hy monitoring the output from the
bridge through the upper set of jacks on the straingage mode card (Fig.
18). A voltmeter with l-uV accuracy should be used to obtain 1-1h accu-
racy. With the Series 300 switched to local control, K102 activated (shunt
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resistor in briiee), anl no forces acting on the callbratlon wheel, the
bridge output can he read with the precision voltmeter. With switch K102
then set for normal operation, the force on the calibration wheel should be
increasel until the same bridge output is read on the voltmeter. The
external load-cell output will then indicate the true value of the shunt
resistor. This sequence can be repeated for the longitudinal and side
channels.,

A similar sequence, using a flat load cell, can be performed for cali-
brating the vertical force channels. 1In this case the vehicle retains its
normal front wheels anl tires. To ensure loading along the vertical axis,
it is best if the external load cell is placed in a recess that allows the
vehicle to drive directly onto it, Tf the external load-cell reading
differs from that registered by the triaxtal load cell, the vertical
channel shunt resistor values must he corrected, Again, with no load on :
the vertical channels (tires elevated), the shunt resistor is placed in the i
bridge and the bridge cutput is read with a precision voltmeter. Returning
to normal operation, the vehicle i{s rolled back over the external load
cell, The axle must now be tied to the floor in such a way that additional
vertical force can be applied to the wheel,

While the bridge output is monitored with the precision voltmeter, the
vertical load is increased with a take-up device until the shunt resistance
voltage appears acrogs the bridge. At this point the reading on the
external load cell represents the new value of the shunt resistor.

Evaluating the torque cell shunt resistor involves the same basic
procedure as outlined for the triaxial load cells. However, an accurate
external torque measuring device must be used on the rear propellor shaft
to read the torque when the bridge output i{s equal to the shunt resistance
value.

The procedures for re-evaluating the shunt resistance values must be
performed carefully, The accuracy of the external load and torque measur-
ing devices should be within 1% or less. {(The triaxial load cells have an
accuracy of better than 12,) Alignment when applying external forces must
be as exact as possible. Several repetitions of each step are also recom
mended; significant differences in repetition results should be scruti-
nized.

For ultimate accuracy the shunt resistor calibration sequence should

be performed on an air-bearing plate. These devices, however, are not in
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b. Grease gun,

Figure 30. 1lubrication of the axle shaft.
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great abundance and take a significant amount of time to learn+o use.
Three-dimensional air-bearing plates are nonexistent, although development
is in the process. A two-dimensional plate can be used, though, but care
must be taken to ensure that no load is being imparted in the third
direction.
Maintenance

In addit{on to normal vehicular maintenance, which should be followed
closely, the CIV requires special attention in certain areas. Since the
vehicle spends a lot of time with the engine running but without accumu-
lating many miles, the carburetor should be cleaned regularly. Periodi-
cally the vehicle should be driven for several miles at normal highway
speeds to ensure lubrication of the drive train.

Of primary importance is the lubricatfon (greasing) of the axle shaft
where it passes through the load cell. A grease recess has been machined ;
into the steering universal joint in the piece that extends through the |
load cell (Fig. 30a). This recess can be accessed by turning the wheels
their full amount and rotating the universal until the recess comes into
view. A special grease-gun tip is necessary for lubrication (Fig. 30b).
These shafts must be greased no less than following each full day of
operation. All cable connections located under the vehicle should he
regularly checked for corrosion and snugness of fit.

The tape drives of the minicomputer require frequent cleaning (every 8

hours of use) with the cleaning solution supplied by the manufacturer and a

cotton tip applicator, Also, the air filters located on the underside of

the computer, near the front, should be removed and cleaned periodically.

CONCLUSTON
The CIV has been used by CRREL for gathering mobility Aata during the
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past two winters. Aside from the obvious interest in the interaction of
the three mitually perpendicular forces at the tire contact path, several
areas of mobility research have received emphasis. Most attention has been
devoted to tire traction, with several techniques being used to generate
traction data for many varied tire types on ice, snow and thawing soils.
Numerous evaluation schemes have been applied to the data and relative
performance levels compared. Along with this, operator dependence on

traction test output is being studied.
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Resistance tests have been used to compare various tire types on
several cold regions materials, incluling low temperature, clear pavement.
Using a single tire type, resistance tests have also been used to compare
the resistance to motion offered by varieties of cold regions materials.
These values have formed the bheginning of a cold regions materials mobility
data bank.

Although the CIV is regularly undergoing modifications, the bhulk of
the information contained in this report will vremain unchanged. Antici-
pated changes incluie the adiition of an automatic throttle-control device
and the replacement of the fifth wheel with a ralar speed-and—distance
metering device. Additionally, a randomaccess mass storage device will
probahly be added to the data acquisition equipment to increase storage
capacity and 1/0 speed. Changes to the software will undoubtedly take
place on a regular basis, primarily in the data analysis sections. Any
changes in the data acquisition portions of the program will be directed at

improving the speed and efficiency of data sampling,
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APPENDIX A: OPFRATING MANUALS

Advanced Programming ROM Manual. Hewlett Packard Co., Part No.
79845-92065, Feb. 1980, 109 »p.

BASIC Language Interfacing Concepts. Hewlett Packard Co., Part No.
09335-90600, Sept. 1979, 189 n.

Data Book NSFS 3296 System. Nevada Automotive Test Center Project No.
20-~17-70, June 1978.

Graphics ROM Manual. Hewlett Packard Co., Part No. 09845-91050, May 1979,
203 n.

I1/0 ROM Hanual. Hewlett Packard Co., Part No. 09845-92060, Aug. 1980,
192 o.

Mass Storage ROM Manual, Hewlett Packard Co., Part No. 09845-92070, Feb.
1980, 132 ».

980324 16-Bit Tnterface Installation and Service Manual, Hewlett Packard
Co., Part No. 98032-90000, May 1979, 47 p,

980354 Real Time Clock Installation and Operation Manual. Hewlett Packard
Co., Part No. 98035-90000, Feb. 1979, 73 p.

System 620, Series 300 Operation and Maintenance Manual. Neff Instrument
Corp., Publication No. 620953, Sept. 1980, 57 p.

System 620, Series 400 Operation andi Maintenance Manual. Neff Instrument
Corp., Publication No. 620954, Nov. 1978, 149 o,

System 620 to H-P 9825, Interface Cable Connection Manual. Neff Instrument
Corp., Publication No. 620079, Apr. 1979, 8 p.

System 45 Operating and Programming Manual. Hewlett Packard Co., Part No.
09845-92000, Feb. 1980, 302 p.
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APPENDIX B: SCHEMATIC AND WIRING DIAGRAMS
The diagrams and schematics that follow are meant, when used with the
manufacturer's manuals, to provide complete electronic coverage of the
CIV. Most of the figures are referenced in the text; however, some which
are not are incluled here for completeness. Pin assignments, connector

labels and wiring color codes are also incluied where appropriate.

- )
e Ex+ —12} £
Ex- — F
Verticai< Out Low—— H
Out High —4—+ G
sh—J
Ex+ A B:
NEFF Ex- —t— A" |6SE, 76203
Series 300 Longitudinal< Out Low——t D Trioxig!
Out High —4— c| Load Celd
sh—J
Ex+ ‘vl-\v J
Ex- — K
Side< Out Low——+ M
\ Out High ——+ L
Sh—oJ L

Figure Bl. Wiring convention to and from the triaxial load
cells. Color code: FEx+, red; Ex—, black; Out Low, white;
Out High, green; Sh, stranded wire.

*The left-side load cell is depicted here; the right-side
load cell 1is the same except that it has Ex- on pin B and
Ex+ on pin A.

J5,J6
o= Sy
HBl 1 Red Lion PSAEF
Veclgtr:':'z.z:‘zr:ol c 1\ : l‘ ,' C | Proximity Stick
[y . g T_{g| {reftandright)
L -
J8 .
NS T
. A 1 [ Electro Driveshaft
Velocity Swgnal ¢ 1 8 Pulse Pickup
Conaditioner 1 I a
o

Figure B2, Wiring convention to and from the pulse
pickups. Color code for J5, J6 and J8: A, red; B,
stranded wire; C, black.

47




>

s

-5

) "R WIS N,

Ex+ II-A:— a
Ex® —— D |Lebow 1228
Serb’eE:goo Out Low * T C | Torque Ceil
Out High——t—t 8
sh—J

Figure 83. Wiring coavention to and from the torque cell.
Color code: Ext+, white; Ex-, green; Out Low, black; Out
High, red; Sh, stranded wire.
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Rear Bumper
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c = + Weston J2
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G pPr—r— Tachometer
LJ - - Generator
J4q
.- - [
C | ‘1 l‘ \l A
E
Veloctty Signo! 8 'T I l 2
Conditioner A 11 [ F
0 r \'Y p |Connector A
L Rear Bumper
J7
A i Y ImE W )
Veloctty Signal| C — — 6
Conditioner | g r—_I -
—J
| (
2 Delco
Connector B 2 Electric Winch
Rear Bumper| 4 _L——-
4 =
uash-mounted
Switch |
+l2Vdcat D ——O
Fuse Block 10-A o— 2 Connector B
Fuse 3 Rear Bumper
4

Figure B4. Wiring convention to and from the fifth-wheel
assembly. Color code for connector A: A, white; B, green;

C, red (large); D, stranded
(small); G, black (large).

Color code for J4: A, red;
wire; E, green,

Color code for J7: A, red;

wire; E, black (small); F, red
B, black; C, white; D, stranded

B, stranded wire; C, black.
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Connector tab
numbering

v

1 18
2 68
3 1A
41 S5A
E} 6A
6 28
7
8
h
h

03 < B
38
8
2A
{ High A
Low 4A
-
Input [
wires
02 <

[ X7}

CHETTTRRTT PERETTTTT

TTONOINEWN -
-d
-]

X
S wnw
£

J wires
[13]

FTTTONDN LN =
-
-]
IR ES

TTTITTTTT

208 ——— Jumper from 8
p—————— Jumpes trom §
Empty

Neg. excitation*®
Pos. excitation
Empty

Low signail

N B WN -
B4 N S B
= ie oo
ajw|>I>I>im

Input
Wires

00 4

8 | 228 |————— High signal
\ Sh [ 248 Cable shield*
Signal { sh [21A

Cable shield
High | 22A

Red
Low | 23A Black

f

Channel

“Jumper pin 4 to cable shield in

Figure BS. 1Input and output wiring to the Series
300 card edge connector.

49




*19U0TITPUOD [PUSTS AIFD0T2A dY3 JO OFJewdYIS °*9g 3insj4
~ 13ubyg Juci4 19u0g JUDJ4
o 1snipy 21035 1snlpy 21098
“ x ’ A B:chu.m:o.u ! = ’ -
: : o R T U
2y [
MII. L STA : 010 0T 62 =
1 . Ur2 0o qbi $ Mo B OLp
v i 61y o5 N S| s010:0u90 wany
" . d ) / N Y v RIym -y g
20A L1 @ - {2P 0, bay) X X ¢r
Q. O = = | = . ||Pl~u......u>:ou 11
VO _ o7 _.|u.||u n il ,” }rdino usO4— 1ous
8 T ] sQA ﬁ%un Tetie T ww_ o indul § w doig 109y
2pA2iD L2 vo2! , : LY S LR T YT P j P
o] o 1o a5 iy 5006~ 008 066
Ip_/ o~ . xodiny
Qir Vi J
24 T ) ' | | o = X X
[l . e i Py _ F
1 I -
wol Tt
T ,, e e : LA L PO %_u o wam“.wn : .Tu
3 1# SR owo% A :ovm.mw_ =" 2l 134198007 © 2] subry yuosy
01 voat _ ' ot ey I 319001 0 & of o1 —v
dndig 3sing 2y ) i Ybtn I 0T poyp 8y ?9 or
aaum-yip 412 T | vS 6 | TOOLY = 252-vdOdd
8 , ol ‘ U017 pay
v | | tid
T T T i { —_
perd ! A ! = X x
i T T Hz..l ! _w& - -
ﬁ uT.L oy - prl ! S0 Te 00! g&nwu
' n i | 00¢ 001 =1 (2p 0t bty : 1497 u0i4
; 3 : BIA gy T T 2o F X &, 1m0y v
! v oz vY 0l , 0 & o
: q 9y vy . , ybi $ mon @ mv’ [ ar
v 4 €S 752 vdQud
>-— ¢ uo T pay
8r %ol ! : k vOoLY
' Sy £y
§ = =
Q : —n
H EO—— - 2
f o a
v - - 3
6" — 4
v
—— 2]
‘I..H
(-
—Iw
—In
L 5
e e —— —{ul
20

50

i bt e "




Inputs Connector tab

no. i "

High 1B -
L 15
4 Low 1A
s Sh 2A -
s High 3A
14{ Low 28
Sh 38
High 48
!3{ Low 4A
Sh S5A
High | 6A |
i ‘2{ Low 5
v Sh| 6
- High 7
3 1 { Low 7A
3 Sh BA
High L
10{ Low 8B
Sh 98
High [ 108
09{ Low | 10A
Sh { 1A
High [ 124
! oa{ Low [ 118
Sh | 12B
High [ 148
07 { Low | 14A
Sh | 15A
High [ 16A ]|
06{ Low | 1
Sh |1
High | 1
05 { Low | 17A
g Sh | 18A
3 High [ 19A
04{ Low | 188
Sh | 198
! High | 20B
2 03{ Low | 20A
Sh | 21A
‘ High | 22A
02{ Low | 21B
Sh | 228
High | 238
01 { Low | 23A
Sh | 24A
High | 25A ————Red
138
13A From Series 300
00
Low | 24B ——— Black
Sh [ 258 | Cable shield

Figure B7. Input wiring to the Series 400
card edge connector.

- .

i
H J3
] A S o
4 Velocity Signal o L 4 | 1 ]| LobecoDOILI
Conditioner E & ,I l:' E Speed Indicator
: o7 4o
‘ Figure B8. Input wiring to the fifth-wheel readout.
Color code: A, red; B, hlack, C, white; D, stranded wire;
4 E, green.
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Velocity Signal 0 o ‘*‘E D
Conditioner [ —— 3
A
> X T
s2{1 — G 5 S (R ) S
c 3: c 3% c 3
s €% €%
Sth whaeel
Left Pulse Pulse Right Puise
Figure B9, TInput wiring to the pulse counters.
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2| oc Power
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Figure B10,

Power Ground

Left OPM

Right DPM

Velocity Signai
Conditioner

QNMMOoOO®P| <

Input wiring to the digital panel meters.
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Figure Bl12. Typical channel from the eight-channel differential
amplifier.
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Connector Tab or Connector
Barrier Terminal Number —l ‘l- Tab Number
("~ 19 18 {Chs8
13 28 7
15 38 6
81 17 48 5
{Output) 9 58 4
3 68 3
5 78 2
& 7 88 1
148 (400)| 9B ] High
Chs
14A (400)]| 108 | Low
r 9A 118 | High
Ch?
10A 128 |Low
Series 300 ) 16A 13B | High che
Card 01 ﬁ 17A 148 | Low 5
Jumpers from 22A 158 | High Chs
Series 300 and 23A 168 | Low N
Series 400 ~
Input Wires 20B (400)] 17B } High cha
{input) 20A (400)| 18B | Low
(" oA 198 | High
Ch3
10A 208 [ Low
Series 300 ) 16A 218 | High )
Card 00 Ch2
a 174 228 | Low
22A 238 | High
Ch
23A 24B |Low
B! 4.6.8.10, 14,16, 18,20} 25B | Common

Tigure Bl3. 1Input and output wiring to the
iriver readout differential amplifier.
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Lett wmel{’tg: L .
4 —r
Spee o
_ Right whee [ H'O" 2 )
. S d w 7 elocity Dign
NEFF pee L;n——f V(lz d""s o
1 onditioner
q Series 400 High — 2 c
5 Rear onpellev{ Low i i
1 r
] Shaft Speed Sh T
h Y
3 Fifth Wheel ?.:?w [ 0
y Speed Sh g

<
(=]

+i2Vac ot e i A
Starter Relgy [ 1 8
1 |1
‘ Y —t-191 C
[-—I— 0
Frame Ground = £

Figure Bl4, Wiring diagram for additional cables.
Color code: High, red; Low, black; Sh, stranded wire,
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APPENDIX C: COMPUTER PROGRAMS.

The two computer prozrams used with the CIV system, DATACO and READ-2,
are listed in full in the following pages. An explanation of the coding
(beyond that given in the main text) will not be included here. The
appropriate manuals (Appendix A) and the program d ocumentation should

provide the user with an adequate programming explanation.

FILE HAME: DIRATACDITIS DATE : B%:17:113:41
MAIN FROGFAIT

Iy ! 'DRTACQ, DATA ACAISITION PROGPAM FOR
zn ! INSTRUMENTED TEST “ENWICLE.
30 ' WRITTEN BY G BLRISDELL

40 ' JANUARY 1331

SO '

50 '

Te '

20 !

an MAZS STORAGE I3 “:T14”

LOu JPTION BRIE 1

119 A3z 1 =69

129 DIM Lists$(31 041 :
Vi COM LocslS03,.TE 140203, 0r 8 1402 (223,00 11, TcH, 58, SHIPT Drvva 140!
V014229 ,D 1420, 11 -, Drsr 2, 1420, INTEGER L, FlagZ

146 Repluve=~3

159 GOTD 179

P PEDIM DeBci300 M1y 1490, Drgr 2,1400:, 0 1426, 11 T d,14000

17 ENRBLE

HELY PRINTER 1S l6

139 CAT TO Listsc+, 3, B

200 1F B=9 THEH GOUTO 330

2t FRINT LINCZOY .

23 PRINT CHPSC133-3" «ees TRPE CARTRIDGE T1s 13 FULL esee”

259 PRINT CHPS. 2P .2 E" 4 .
24 PRINT LN 30" PEMOVYE FULL DATH CARTFIDGE FFRIM T14 AND IMZERT HEW TATR
TAPTRIDGE. " L
%9 FPINT LIWcl.,” If CARTRIDGE MAS BEEN UZED EEFOFE - ALPEALY CunThini Flo
ES

53 ERINT LIN‘1~," PO NOT FE-INITIALIZE. IF TAPE HRS WOT BEEN UIED EEFOF
E of" o
%0 PRINT LINel»,” CONTAINS USELESS INFOPMATION 1T WEEDS Ti EE INITIALIZED
3e PRINT LInuge, " TVPE 10 FOP INITIALIZATION, & T0 JUIT CONTINUE WITH
ERUGRAR®

D) NPT P
399 IF & 1 THEN GOTO 339
319 INITIALIZE ":iT14~

P Y] PPINT LINC2D  CHRB(123 0" ~+e TRPE 13 BEING INITIALIZED «~-"
33 PRINT CHRPS(ZT 8"E"

249 Flag2=9

IF Feply 9 THEN RO0TD 489

IHET “DO /U WANT TO PuM CALIBFATIOH Q. 0P A TE:T 1 " ,P
b IF Fx1 THEN GOTO 499

130 LALL Calrbration

290 IF Flagisl THEN QOT0O 219

439 FRINT LINC2D

419 THPUT 1S DOCUMENTRFY DATHA SAME AS PRPE - TIUS TERT v OF N .",FPpl¥s
L 1F Ppls. "7* THEN LOTO %00

430 Fri4aT8.g [1,4)2CHRS Ascr~-1

140 ON ERPOR LOTO 450

459 GUT) 470

39 INPUT “ENMTER PREVINUS TEST FILE NAME S DIGITS." F+$

479 AEIIGN N6 TO Fr s

Copy available to LTiC d;u{ not
permit fully legible reproduction

ettt —— - S —
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PUDCPLINY VIS R

—

FER
RETY)
T00
%19
L)
Sze
T4
350

i

PEFD W% ccd,Té =

JFF EPROP

Te 1 . s"/R"

QUTPUT 3 R"

GYTPUT ;"R

ENTER ;T8 4>

TS 2 w78 401,208 T8¢4 (4, 5)2CHPB Rsc11y

LITRRELT YRR S}

" INPUTY “ENTER NEW FILE NANE <MRX % CHAR,4 DIGIT MONTH

TEST NO, ™, TR Q2

sTo
-1
330
<00
S
Cdy
339
349
310
560

5T

J

538
B3I
b 15}

INFUT “ENTER TIFE INFLATION PRES3SURE",T8$.6)
T SH=sT:s

INPUT “ENTER TEST TYPE",TH(T)

Tsc14)aGs

IF fplss=v" THEN GOTO 1910

LINPUT "ENTER TEST LOCATION",LocS

IHPYT "AMBIENT TEMP. DEG C/,",TH 3

PRINT L INu3>,"5NOMW - 1"

FRINT "“ICE =~ 2°

PRINT "THAWING SOIL - 3~

PRINT “HAKRD SURFACE = 4", LINCIY

IN ERRDR GOTO 72

INPYT "SURFACE MATERIAL TvPE CODE",J

FRINT LM 25

AN J G0TO 748,310,389, 339

FRIMT ERRMS

BUTO 549

T$: 3 3"INOW"

LINPUT “SNOW TVPE", TS«

THPUT "NOMINAL SNW DEPTH(IM) " TH 19

NPT “NOMINAL SHOW DENZITV:G.CC-", T8 12
INFUT “HOMINAL 3NQM TEMP.DEGC CH",TH 11
INPUT »SOLAR INPUT % OF ARER DR 5y IN UM - T 13
30T0 1019

T3 3= 1CE

LINPUT “SURFRCE UMDERLYING ICE",785 3

INPUT “I1CE THICKHESS(CMO",TSC1Q"

INPYT *ICE TEMP(DEG C:",T8. 11"

THPUT "SOLAR INPUT <% OF APEA 0P 3nv [N TYH Tt TELS
T8 123"

GJTO 18108

TS 3ra THAWING _SOIL”

LINPUT “30IL TYPE",TE. D)

NPT “NEPTH OF THAWED LAVERCHMY" TS\ 13,
INFUT “THICKENESS JF FROZEN LAVER(CMY™,TEr 13
INFUT “TEMP OF THAWED LAYEPCCHM ", TBC11"
IHFUT “SOLRR INPUT % GOF APEA OF 3KV M IUn ", T&- 13
SOTQ 1919

T8 3 =" HAPD_SURFACE"

LINPUT "3URFACE MRTEPIAL".TS$: 3.

[MPUT “SURFACE TEMP(DEG Cr".Ts: 11

INFUT "SOLRR INPUT % 0OF APEA R 3KV IH 3UMI" TS 13
T 12 ="

TS 10)="NA"

]

PRINTER IS @

PRINT LINC1:,TB 2

PPINTER 1S l&

[HAGE @, R

PRINT USING 10379

PFINT LIn 1,,"FILE HRME! LTSS

PRINT LIN«1:,"LOCATIONS “ilocs

PRINT LINGL,"RMBIENT TEMP: “yT8 3,3" DEG C"

PRINT LIN<1,,"DATE AND TIME: “ITE 4

PRINT LINCT, "TIRE CODE: “;TECS)

PRINT LINCY{>»,"TIRE INFLATION PRESS: “ITEIBYSY par "
PRINT LINC1.,"TEST TYPE: "3TECT)

PRINT LINcI ' ,"CALIBRATION FILE NRME: "ITECL)

PRINT LINt'3 ,"TEST MATERIAL: "y T3

PRINT LINC1»,"TYPECOR UNDERLYING SURFRCE.: “sTEL 9
PRPINT LINc] ., “DEPTH OR THICKNES3S: TITE L2 M
PRINT LINC1),"MRTERIRL TEMP: “yTECLLr DEG CUMGLING L
IF T8. 3 e"SNOW" THEN PRINT "SNOW DENSIT/: "y T8I0
IF TS$.8 »"THAWING_SOIL" THEN PRINT “FROZEN LAYER TMICK:
PPINT LIN‘1),"S0LAR INPUT (LLOUD COVER, SMADE. "3 TS
LINPUT “DO vOU WISH TO CHANGE DOCUMENMTARY DRTA % QR N
IF Rptgs"y™* TMEN GOTO 3500

PRINT LINCS), "REMARNS: "

PRINTER IS 16

% DRY + LETTER FOFP

G g

TE L2 0" CM
1305 %
Pt Rpr s




1268 CALL Scan

1270 REDIM Dts«L), Druid oMt DL, 11+, Drgre2, L
1230 PRINT CHRE(2T4“E"

1% Flagsd

1300 PRINTER 15 ts

1212 PRINT LINC2D  "MUMBER OF :ZAMFLES TAREN = -1
1329 PRINT » 3TOFE DATRA - 1
139 PRINT * YIEW PAN DRTRA - 2«
1340 PRINT - T0 PLOT DATR - s
1:%0 PRINT © STOP PPOGRAM -~ 4~
1350 PRINT FUN ANOTRER TEST WITH SAME TIPE - <
1:T0 PRINT * CALIBRATION PROGPAM 'NEW TIPE: - &
1330 PRINT *  FIND AVE. MOTION RESIST. “ALUES - T
1392 PRINT * FIND TRRCTION YALUE -

1430 PRINT » CALCULRTE SLIP ENERGY -

L4193 PRINT LIH. %>

1420 IHFUT “WHICH RGUTINE DO vOU WISHW <TVPE IM NUMBER CODE -~ ALY

1423 IF Replu=1l THEN CALL Store

1430 IF Reply=4 THEN GOTO 1%30

1450 IF Rep!ua% THEN GOTD 160

1458  IF Paplusd THMEN CALL Calipration

1470 IF Flagi=l THEN GOTO 210

1430 IF - Replo .2 AND <Replw 3% AND (RPgpl' T+ AND
THEN GUTO {200

Ragr ' "2 AND - Fapi a

1433 FlagaFlagel

1999 IF Fiag 1 THEN COTO 1%2

118 CALL Convert

L1TI3 IF Peplus2 THEMN CHRLL Pawdara
LS  IF Fep) =3 THEN CRALL Plorg
1549 IF Fepl =T THEM CALL R erage
1953 IF Feplosd THEN CALL Traction
1550 IF Fepluw3 THEN CALL 3lip_energs,
1970 GOTa 1369 -
1930 ENT

15%9  3SUR Scan

1649 QVERLAP
1813 OPTIOH BRSE 1

1620 CTOM Locs(S9), T5(14°(30),Dr 63>, Dre 11, Tes, 68, SHORT Drvee yMillar e Dowe T
itie:, INTEGER L,Flag3

1630 Garn=t@

1631 T=109

1232 GOTO 1650

1549 INPUT “2CAN INTEFYAL IN MILLISECONDS «MINIMUM (Sm: - =5< 3ANPLED FES SECOND
IR |

16%9 Hsiy

1569 CONTROL MA3sKk &6:9

16790 CHARD ENABLE ¢

1530 OQUTPUT & WH3 USING "#,W";1S

1839 OUTPUT 3;"R"

17Te0 OUTPUT 3 ulady,yl=12*
1719 Le=0

172 PRINT LIN-SQ:, CHRS$: 1333 "
Ev KO ¢tese "

P39 ON KEY ®#9,15 S0TO 1949
1740 OM INT 89,3 GOSUB Sample

o

¢eee TQO ITOF DATR ACOULIITION FPES

17%9 CONTROL MASH 9;123
175@  OUTPUT 9;"B utP~, T
1770 C(ARD ENABLE 9
1Ts@  CONTPOL MASK ;1
1730 CARS ENABLE 6
1300 OUTPUT § WHS USING "#,W"§=-32768+5a1neldds
' 1318 CIONTRUL MASK 6;33
1820 CRRD ENABLE 6
. 1330 PRINT LINCS>
b 1348  INPUT = TO STARY DATA ACQUISITICN FRESS CONT
", Cont
1 18%0 OUTPUT '9;"uiD 29"
1559 OUTPUT 9;"U1G,U2G"
i 1578  OUTPUT 9;"u2v*
13359 ENTER 3;Begintime
4 1530 REM
- 1998 GOTO 1899
i 1312 3ample: CARD EMABLE 9
} 1929 LeLel
1930 IF L>1398 THEN GOTO 1369
1249 EMTER 5 WDMA N NOFORMAT;DvS$ L -
12%9 RETURN
1969 OUTPUT 33 y2v~
1978 ENTER 9 Endtime
1980 PRINT CHR$(27 4"E"
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Dl 4

1339
2999
2019
iQz9
2970
2049
959
2060
i879
z9sQ
2639
21900
L1319
2120
150

it e

2140
21%9
2169
2179
2139
21309
P
219
il

P
iT40
2259

FPLINT LINCSO)  TRBC1G. ,CHRF 132 3 "DATA ACQUIZITION COMFLETED

DI3ABLE

FEDIM Dt Lo, Myltyel>, Dysee &, L ,DiL, 11

ScantimescEndtime-Begint ines L

Mrllicl =sScant ime

FOR [=2 TO L

MitlroloaMlly I-1oeScantime

NE-T 1

WAIT 2900

PRINT CHR$QPon"E"

SERIRAL

SUBEND

3UB Store

QFPTION BRSE |

COM Lock(Sa), T8 14 730),Dt 8~ Dev 11 Tck,G8,3HORT Dysr e Millr e D=0, D
INTEGER L,Flag?

0N ERROR GOTO 2200

Phoresal, 3o INT: (L#2ael¢2 236+ INT L =2deL»l 5553
CREATE T$'2:',Phurec

ASSIGN #4 TO T3 20

PRINT #4;L2c8, T8« L, Drsve  Mitlr. e,

GOTO 2250

IF ERRNC 354 THEN GOTQ 2249

DIZP TAB 1O, CHRE: {23 {"#¢¢ FILE HAS RLRERDY BEEM STOFED +-«"
WAIT 3%509

GOTO 2250

PRINT ERRMS

SUBEND

o

.5

SUEBPROGRAM Calrbrartron

U3 Calrbration

OPTION ER3E 1

Diit Zer¢3@,115,3hnt 30,11, 30112011 ,2catle 11, Lists 27 (411
COM Locs{S81, T8 145030, Dt8us, Dral] ,Tos, G, SHORT Divee (Millyes Dier, Dy
INTEGER L,Flag3

CAT 7O Lfst$¢+,,0,B

IF B=0 THEN GOTO 2330

G070 2310

MASS STORPRGE IS ":Ti13"

PRINTER 13 16

Gain=10

[NPUT "ENTER TIRE CQDE (OME LETTER .",T:$

PRINT LINC20>," T BEGIH CALIBPATION SEJUEMCE ETUIPMENT iMOULD EE -’
PRINT “TYRMED ON FOF AEBOUT 1S MIHUTES. ALCF FRINT END CLERF”
FRINT OF GROUND., WHEM COMPLETE PFEIS CONTINLE™

INFUT RS

PRINT LINCZO), TRB 12, CHRE 124 {"ssx DATA ACOUITITIOGN IN PROGFESD eee
CONTROL MASK &0

CARD EMABLE 6

QUTPUT 6 WHS USING "#,W"; 1S

CONTRPOL MASK 631

CARD EMNABLE 6

FOR I=1 T 30

FOR J=i{ TO S STEP 4

OUTPUT € WHS USTIHG “#$ . W"jGain*l@33+C -1

ENTER 5 WHS USING "#, W ;22r 1,1

MENT J

NEAT I

CONTROL MASK &9

CARPD ENRBLE ¢

QUTPUT & WMS USING "#,W" 113

CONTROL MASK 6;1

CARD ENREBLE &

FOR 1=1 TO 3@

FOR J=s1 TO 3 STEP 4

QUTPUT 6 WHS USING “"®,W";Gartn+2048¢/ J-1"

ENTER € WHS USING "#,W";3hnt(l,J

NEXT J

NEXT 1

PRINT CHRS$(QTOU"E"

PRINT LINCZ@)," LOWER FRONT END TO GROUMD AND ROLL YENICLE RLTEFNATELY"
PRINT * FORUAFD AND BACK BY USING THE FOPWAFD RND FEVERSE GEARRS"
PRINT ~ DO NOT USE ANV BRAKES IN BETWEEN AND ALLOW THE VEMWICLE"

PRINT " TO ROLL TO A STOP «VEHICLE IN NEUTKAL,Sth WHEEL DOWN."
PRINT * PRESS CONT WHEN PEARDY"
INPUT RS
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2710 PRINT LIMA\20.,TAB 13 ,CHR$(134 i ++e DNATA ACQUISITION IN PROGFESS «ee*
2729 .LONTROL MASK £;0
4739 CARD ENABLE €
2740 OQUTPUT & WHMS USING “#,H":1%
27S9 CONTROL MASK 631
2760 CRARD ENRBLE &
R L7778 QUTPUT 6 WHS USING “B,W"i=32Te3+Cainel04
2780 COMTROL MRSK ©; 33
2730 CARD ENARBLE &
I390 FOR I=) TO 30 1
310 FOR Jal TO 11 ’
2320 IF Jms1 THEN GOTO 28¢@
2330 IF Js3 THEN GOTO 2860
§ 2840 ENTER 6 WHS USING “s,W";2er 1,Js
2850 GOT) 2879
2859 ENTER & WHS USING "#,W";Dum
2870 NEXT 3
7 2830 NEUT 1
b 2838 CONTROL MRSK 630
2390 CRRD ENRBLE &
2319 QUTPUT & WHS USING “#,u";13
2929 CONTROL MRSYK 31
2939 CARD ENABLE &
2940 QUTPUT 6 WHMS LUSING “#,W";=32T763+5a1ne204d3
29%@ CONTROL MASK &5 32
2959 CARD ENABLE &
2378 FOR I=y TN 20
<330 FOR Jsy TO {1
2990 IF Jal THEN GOTO 3830
;@30 IF J=% THEN LQTO 2039
4 3019 ENTEP S WHS USING "# H"ithntc], 7.
3320 GOTO 3040
5039 ENTER 6 WMS USING "%.W" ) Dum
. 3048 NEXT 2
P 3059 NEXT 1
F 3060 CONTROL MASK £;0
. 2979 LARD ENABLE ©
k: 3089 OUTPUT & WHS USING "#,W";1S
3099 CONTROL MASK st
3190 CARD ENRBLE ©
31108 PRINT CHR$(2?r4"E"
3129 PRINT LIN129,," FOFP CALIBRATION OF JELDCITIES, LOWEP Sth WHEEL AHD“
3129 PRINT " DPIYE IM A STFAIGHT LINE OH A HRARD ZURFARCE RT 1dmpk”
3149 PRINT " ‘RS PEAD OM LABECO DD-1.t:. IF YELOJCITIES RERD 0N
3159 PRINT * DPM ARE NOT ACCUPRTE, MAKE POT ADJUSTMENTS BEFOQRE
3159 PRINT " PROCEEDING FURTHER IN FROGRAM., WHEN READYy TO CAL-"
3179 PRINT “ IBRATE (AT 1dmph RS CLOSE RS POSSIBLE: PRESS CONT"
3188 INPUT RS
3199 PRINT LINC20),TABC13),CHRS$ 134, "##% DATA ACQUISITION IN PROUGRES: %<+
3208 FOR [=1 TO 39
3210 FOR Jed TO 12 STEP 4
3220 IF !=12 THEN J=11
3230 QUTPUT & WHS USIHG "#,W";GarnelR43+ J-1.
3249 ENTER 6 WMS USING "®,Ml";Shnt(l, .
32%9  NEXT J
3260 NEXT 1
3278 PRINT CHRS$(2?>L"E"
3280 PRINT LINc(20,," sex VELOCITY¢ PUN FINISHED eee”
3290 PRINT LINC3)," IF YOU FEEL YELOCITY “RAPIED TOO MULH DURING PUN AND WISH"
' 3399 PRINT *» TO DO OVER , INFUT “1°, IF NOT INPUT O-."
33190  INPUT Rpl
3320 IF Rpl=t THEN GOTO 3110
3330 PRINT LINC20OD
3340 MAT 2e=ZER
33%0 MAT St=2ER
3360 FOR J=y TO 11
3370 FOR I=S 10 30
3380 2t (J)e2t(J)r+2er 1,
3399 St (J)sSt(J)eShnrcl, D
3400 NEXT I
3410 NEXT J
34290 FOR Jel TO It
343Q¢ 2t (J>=2¢(}2) 26
3449 St(J)>mSt(J) 28
3450 NEXT J
‘ 3460 Scale(1)m2124/,¢St(1>=-2t7 1))
2479 Scalec2)mi00]/(SL(2)=-2¢ 2
3489 Scale(3721992/(Sv (=T 3
3490 Scale4rw1@d (St 4)=-2t14))

ATy

Y TR GUSI
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Scale(S,22134/(St S =T0 %,
Sculet6,=2011 Srigi~Z2tig
Scale P =2108 30 (T =27,
Scalev3,=19. it 3 v=-Tr 3,
Icaler 3,233, (3t 3. -Tp oA
Scale il a1d St 1@ -~-J0 1O
Seate-11,=10 »3voll =201,
QUTPUT 33 *R*
QUYFUT 3;"R"
ENTER 3. T3
DE=TS(1,2)5T804,%]
3l On ERROR SOTO 1830
seia G0TO 3630
2630  IF EPRN- -S4 THEN GOTY 570
IEdQ PRINT ERRPMS

; {NPUT “PRETS ONT 7O PESUME”, Dumw$
GOT 38%9
DHPUT "ENTER 4 DICIT DRTE - MOMTH . DA, - *,Df
CEs"C"%DSLTCS
CRERTE 38,1
R3IIGN 86 TO G3

JFF ERRNR
AT PRINT #5;lt e, 3calece.
T30 PRINTER 15 O
37 PRINT LIN(4),GS
57 PRINTER 135 15
3 MAT BRINT It
K MAT PRINT 3t
27 MAT PRINT 3cale
:T ¥ PRINTER (2 5
398 GaTo 3328
219 Flggis)
3520 SUEEND

SUERPROGRAM Loriart

3¢ 30E Convert
239 FRINT LINcZd»

DISP TAB: 10, , CHFS 132 ("DATA CONYERIIIN 1N FROGFESS™

OPTION BRSE

DIM Jecriv,Scalei iy

COM LocB(%)], T8 14/ (230),Drfce D1l TofF,G8,THIRT Drvvver Mativ e [ boe Dt
¢, INTEGER L,Flag3
9 PRINTER I3 16
90 ASSIGN 67 TO Tsci4.
10 READ #7; 2t « ,3calece)
<?
P

AU ey

FOR [=1 TO L~}

ENTEP Dr$cl> USING “®,W"i{DL #>

49 FOR k=1 TO 11

€0 D(l,K = BINCMP(Dt(k =Tt Krse3cale -
A3 MENT K

33T MNEXT 1

3930 PRINT CHRE(ZI?HL E"

3398 SUBEND

o

SUBPRUGRAM Racjara

4099  3UB Rawdatra
4010 OPTION BRRAZE 1
. SO29 0 TOM Loc8ITAl, TE L4 -LEAY, Dr B e Dre 1l T S8, IHOFT Dacc e MYy e D e Ty
' zree INTEGER L ,Flag2
a939  INFLT “HARD COF’ 9F ON CRT H OP o Fpls
| 4040 PRINTER I3 18
)] 40%2 IF Pplgs"H" THEN PRINTER I3 O
J QD IMAGE 1 LMt S LR SN LR Sy LY T R (S R R R
3

"

LS TR
R RS IET IR

4379 IMAGE ®,4D, 3X

4099 IMAGE #,31,4D, 33

: 4299 IMAGE o,DD.D, .
. 4109 IMAGE »,2%,DD.D, 3
: 4119 IMAGE e,D0DDDDD.D
41290 IMAGE ., 0¥
4133 PPINT CHRS$/ 27Ot "H”
‘ 4140 PRIMT USING 4959

4150 PRINT CHRS(27H. "1
4168 FOR J=1 10 L-1
4179 PRINT YSING 4120




I VO WSS

4130
4190
1200
3219
L P ]
4230
4240
4259
42089
4270
4220
4239
4309
4310
1329

4370
4330
PRI ]
440
4319
4429
4434
4349
4%
4450
347D
FREN]
JE
449
4500
4%1)
452
450
%48
4932
49589
4570
+%539
4599
46990
4510
4520
4508
4540
4559
4550
4579
4239
1539
4799
4719
4729
4739
4749
4730
4769
3TTR
720
473
4309
4319
4820
4339
4349
s
4390
4369

FOR ¢=] TO 3

IF k=% THEN GOTO 4239

1F «ka=d: QR k=3 THEN GOTO 42%@
PRINT USING 48793D(J,X>
GOTD 4260

PRINT USING 34083:D.J.x»
GOTi 4260

PPINT USING 4999;D¢J,K"
HE’'T K

PRINT SING 4100iDcfi11
PRINT USING <41l1@dimilicl
NE.T J

PRINT LHRE27)8"m"

FRINT LIN 32

SUBEND

SUEPROGPAM Aosr age

SUB Avaerage

OPTION BRSE 1

DIM Rue(S ,A L+l ,Prant: 3.

COM Loc${SAT, T8 14,0 02, Drde  Dv 121, Tog, 58, 3H0RT Do e M)l o= (Do I
INTEGER L,Flagsd

MAT ARues2EP

PRINTER I5 1§

PRINT LINCIO:

PRINT LINCZO)," YERTICAL - 1
PRINT “  LONGITUDINAL - 2"
FRINT 3IDE - 3"
PRINT VELOCITY - 4"

PRINT LIN 5.

[HFUT "CHOOSE CODE FOR CHANMMNEL TO BE S ERRGED “,in

PPINT LINZ2O:

PRINT WHAT PERCENT OF THE DRTH FOINTI DO QU WANT RYSFAGED

PPINT LIN«2 ,“ANYTHING LE:LS THAN 120° WILL WRVERRAGE THE UPFEF - HEIOLUTE - AL

PERCENT CHOSEN"

IHPUT Prent Ch)

Prent  Ched  xPront(fh)

PRINT LINCZOO," I M QP fHGY
FOF Gaih TO Ched STEP 4

FOR HWe)] TO -1t

ArMizDemM, G0

HNENT W

1F Pronts1@0 THEN G0TO 4239
MAT SORT A

Suns =0

FOP FP=1 TO L 20
Tumaz3uma R P

HNE..T P

Acgresium (L 29

IF Aoer @ THEN G0TD 4539
FOR H2Q=] TO L-1

AHD =RAB3-D H2,5,

HEXT W2

MAT SORT R

Fumi =0
CounteINT(Prent (Ch - 1 0@~ L-11 .
IF Countil THEN Countsi

FOR PsL-Count TO L-!}
SumlsSuml*R P

NEXT P

Roeg Gragumt -Count

NEXT G

PRINT LINCZO)

NPT DO VOU WANT TO CALCULRATE ANY NTHER RAYEPRGES v OF M~ (duerl

IF Juers="7c" THEN 50T) 4320

IHPUT "DO vOU WANT THE JUTPUT ON THE CRT QR A HARD COPY (C JP H """ ,P$
IF R$: "H" THEN GOTO 4830

PRINTER IS @

3070 4340
PRINTER 13 16
INFUT "DO YOU WANT TO SUPFEZS THE HEADING -DOCUMENTARY DRATA: .+ JF N:",Fp

IF Pps="vy" THEN GOTU 4930
PRINT LINCS)
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4373 PRINT USING S0%0iLocs

4233 FRINT USING SO80;"FILE " T8¢2 1787 3" TEST

32%Q)  PRINT LSINHG %QAQ"TIRE "(T5 % ;T8 " ps1

4330 PRINT USING SO7Q; "MATERIAL: “;TFc3>

1313 PEINT USING SQTO TS 105" M THICHHESS"

3320 PRINT UBING S0€aiT8 11" g co"iTHc1l 1" LES C - AMBIENT ¥

4539 PRINT LIN'3

4%390 FOR =1 TN 3

43%S9  IF Aued] =0 THEN S0TO S999

4353 Sas="LEFT ¢

3370 IF I 3 THEH Sa$="FIGHT "

4330 Umiuss" LB

43239 IF  lad4, QR =23, THEN Urrts=" MPH"

SA08 IF (lat), OR I35, THEN ChS=s"“ERPTICAL"

€310 [F rIs2. QR (Iss, THEN Ch$="LONGITUDINAL"

029 IF /[=3), OR /[aT. THEN Ch$="31DE"

€Q20  IF (l=4, OR IaS: THEH Che="wELOCITY"

Sa4)  PRINT USING S080 "AVYERPRGE OF WUPPES "[Front: ! ' OF DATR - "i248ilhe" - '
HECTE XID RR SRR

S0%Sd  IMAGE K

8969 [MRGE 2<K ', 4,24 K>

<3Td  IMAGE 3k)

%929 IMRGE k,DDD.D,$:+ -, DUDL.D,K

S93d NEIT I

Clwy  [F Rsa"M” THEN 5S0TO 5139

S119 PRIMT LIN'S.

“12e IHPYT * PREIZ CONT TO FEIUME”. Dum

%130 SUBEND

S149  SUB Slip_ereryy

S1%@ OPTIUN BRSE 1

S150 DIM Slipenca,L

9170 COM Locs(S0), TS 14°0301,0t8C+,Drv 110, Tes, 58, SHOPT Drocer Mytlave o Ooe D0
zt- v, INTEGER L,Ftag3

$120 Flgl=v

139 Flgi=d

SN Cnvad

TIIQ O IF TEL(TL="TPRCTION" THEN GUTOD 5239

S22 FRINT TRBC1d: CHPF 132 ;"eee FILE INDICATES THIS I3 HOT A TRACTION TEST e
%229 PRIMT CHRS$(123)

TIH0 PRINT LINCZ2.,"DO WU STILL WANT AN [NTEGRATION OF THE LCHGITUDINAL FOLFCE-D
ISTANCE CURVE"

S2S9 PRINT TABC39:, "y OFR N

150 INPUT RS

S&TO  IF PES "t THEN GOTO %639

S&i9  IMPUT “DO QU WANT THE OUTPUT OH THE CRT . C: OR R HARD COPY ~H« ™" ,Fpls
TZ32 PRINT LIN‘ZO),TAB 30, 1 'M WORNING"

Siae  PRINT LINCS

$319  IF Rpls{ >"H" THEN GOTQ %349

%328 PFINTER IS ©

$339 GO0TO 23%@

S349 FRINTER 13 15

T390 PRINT LIN: 2

$3€9 MAT DrzvslER

3T Cni=ilnte]

5239 IF Cnta3 THEN 50TD Se70

5320 IF Cnts2 THEN GOTO %479

5409 FOR [=3 TO -t

TH419 Drarcl , [aDrgr 1, 1-1,45230 3EQQe D/l deD I=1,42) 2rer M) =My T ]}
S Y- 1 )

420 DBraria, Ioelist 2, 1-1,+%090-76000 D 1,30eD7L=1,5 > 2 e M1V loMitiy i1
)1 1008

3439 HENT 1

5443 FPRINT LIN/ZH,"TOTAL LEFT WHEEL DISTRANCE TPAVELED = “:Distry,L-1.0" FT"
T459  PRINT LINC1 , "TOTAL RIGHT WHMEEL DIZTANCE TRAVELED = ";Dizt-Z,L-1-3" FT"
G459 GO0TO 3340

S47Q MAT DisgeslER

S4ZQ FOR 122 TO L-1t

T30 Drgt L, DvaDugr 1, 1-1 #8230 38008/ D, i el I-1, 010y 2o Myl =t Y
-t toey:

SS90 Drsecr2, 1 sDigt i, 1

%19 HNE'T |

TSI9 PRIMT LIN2 , "TOTRL VEHICLE DISTANCE TRAYELED = “iDist-l,L=t 2" FT"
S%:3  INPUT "PREZ3 COMT TO RESUME", Dum

5249 MAT 311penslER

SS%9 FOR l=2 TO L=~

3550 3lipenii, [ s3)pent i, I-{ e¢Dr1, 2 eD1-1,2 "+ 2@Dyarel, 1 =Dugr g, 11"
SSTO  Slipen - I,1 =Slipen i, I~1 e D 1,6 oD 1=1,6 + JeDrgr 2,1 =Drars i, 1-1"
3539 HEXT I

S%30 IF Crte2 THEN GOTO %640
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IMAGE -, DDDDDD.D,*k

PRINT U3ING S5O0 "LEFY WHEEL EMERGY [MFUT =
PRINT WSING SSUQ:"RIGHT WHEEL EMERSTY INPUT = “i3lipen 2,L-3v3"
5070 S€e9

PRINT U3ING S500;"YEHICTLE DISTANCE BASED EMEFGV LEFT 3IDE: s

FT-LBS"

PRINT USING S60@;"YEHICLE DISTANCE BASED ENERGY FIGHT SIDE., =
FT-LEBS"

QUTY 5370

PRIMTER IS 18

INPUT "PRESS CONT TO RESUME", Dum

SUBEND

tpEne L1035 ET-LES"

FTY-LEZ"
Viper l.L-

iShipen 2,0

SUBPROGRAM Tracticnr

ST0Q SUE Traction
7?19 OPTION BR3E 1
-2 COM Loc$(S01, T8 14:0363,Dr8re  Dr 11, TCE, L8, 3HORT Drores Mrilas ., Dwy Dy
3* ), INTEGER L,Flag3
ST30 IF TH(7>a"TRACTION" THEM GOTD %310
ST30 PRINT PRGE,CHRS 132 ), "¢%ee FILE INDICRTES THIS I3 MOT A TPALTION TELT evew
STS8  PRINT CHPS$C1Z8:»
3759 PRINT LING1)
STTO  INPUT DO VOU STILL WANT A TRRCTION VALWE < JF M- " Ppls
ST390 IF Rpl$s“N" THEN GOTO S%19
5T PRINT PAGE
S300  PRINT » I M WORKING™
819 MAT Dro=EP
S220 FOR I=) YO L-1
%839 Dro 1, 1,3CDl,30=D"1,110)58
T340 Dy 2,103 DC1,3 =D/ 1,111,483
S3%0  NEXT I
3 FOR ¥k=y TO L~}
9 Diue3,krsD(K, 2
39 Divcd K raDK, B>
%33@ NE-T K
5999  MAT 3S0RT Divil, .
$919  Bigl=Divi3, 1>
$320 FOR J=2 TQ L-1
TR IF Drvue3,Jr-Brgl THEN GOTO 5960
S349  Brat=Dru(3,
S9%8 Markerl=)
S350 NEXT J
$ITI LCountsy
IO H=)
$3390 Low=Diruv(l,Marker] -44
5900 HighsDioil,Markeri)+dd
<913 FOR I=) T3 L-)
$00 IF Dy 1 I low) QP Dy 1,1 High THEHN GGTO £a%9
5939 Countafount+]
5249 HaWeDru(3, 1)
£9%9 NEIT I
060 Hleftasd Count
“OT3  MAT S0RT Drucg,~:
3950 BirgZ2=Drcd, 1
5999 FOP J=2 TO L=~
5100 IF Dirvdd, - Br3e THEN GOTO 5150
S110  3r1ge=Druca, I
i 2128 Markergs=)J
\ 5130 NEXT J
4 5140 Count=Q
. 6150 H=2
4 5160 LowsDrui2,Markerl s -44
j 51790 HighaD1u( 2, Markerd) +44
3 61830 FOR I=1 TO L-1
5199 IF ¢Drur 2, lr Low? OR (Drved, I3 Highs THEN GOTO 5220
<9 Count=Counts+t
. 321Q HeHeDIw(4, 1)
! 5220 NEYT 1
5230 HryghtsM. Count
sad42 PRINT PACE
‘ 2a%9®  INPUT *DO vOU WANT MARD COFY OR CPT OUTFUT W OF (" ,Rp's
5260 IF RplIgs H" THEN GOTO 6299
5278 PRINTER 13 16
5280 GOTO 6200
5230 PRINTER IS 9
5392 INPUT “DO vOU WANT THE HERDING (JOCUMENTPARY DATA-SUPRESSED 'V OF MO ", Fpf
63
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5319 IF RpSe“Y" THEN GOTO £330
2320 PRINT LIN'S:
5339 FRINT USING 6470;Locs
5349 PRINT USIHG 8329 "FILE "tT8 2, THCT 4" TEST”
53%3 PRINT USING G4EQI"TIRE “:TE % T8/ 5,5 psr”
PRINT USING £330 "MATERIAL: “i1T§8:
FRINT USING <4203 T3 103" M THICKNES:Z®
FPINT USING 63343 T8c123 ;" 3 cc”3T8C1Ll 5" DEG C AMBIENT:"
PRINT LIN3»
PRINT “TRACTIVE EFFORT rWITHOUT RESISTANCE RDDED IN» ~
PFINT USING &6%00;" LEFT SIDE = “[Hlerr
PRFINT USING S%0@:" PIGHT SIDE = “iHr)jnt
PRINT LINCDY
PRINTER IS 1o
1f Fpig="H" THEN S0TO £5470
I1NPUT “PRESS CONT TD RESUME",Co
IMRCE ¥
IMAGE 2.K), 48, 2K
IMAGE 3<K>
IMAGE oK
SUBEND
JUB Plors
APTION ERASE 1 (40
Y1lape) FL40), 2 sbel 504 , g
gé: LO;:ISQJ'T,,IJ [30),De8 e, D11 Tog, a8, THOFT R REEIR 2 A U IEEE R £ I
JINTEGER L,F1aQ3
Flagli=Q
Flagae=d
PLOTTER I3 13, "GFAPHICS”
PRIMNTER IS 18
PRINT LINCS3
PRINT » YERTICAL - 1
FRINT LONGITUDINHAL - 2*
PRINT SIDE - 3*
PRINT YELDCITY - a4
PRINT LoNG. “ERTICAL - S*©
PRINT LINC3
THPUT “CHOOZE vERTICAL AXIS% FORCE CODE “. W
PRINT LINC3:
PRINT BISTANCE - 1"
PRINT TIME - 2"
PRINT Div - 3¢
PRINT LIN 3
IHPUT “CHOOSE HORIZONTAL AXIS CODE "
ON 7 GOTO £7%50,53490,5930,7B20,7119
Yari=1
Y1avel $§3"VERTICAL FORCE 'LBS) *
VarlsSs
Ymin=9
Tmax=3099
Ver1o=%Q
‘int=g
Tmay=19
COTD P79
Yarls2
) abel 3 LONGITUDINAL FORCE (LB3)
Vvarizs
Tmin=-209
Yma<=1000
Yticsg3
Yint=E=-239
Yma)=8
COTD 7?1790
Yarls3
Ylabe)$="5IDE FORCE 'LB5"
Varls=?
‘min=-400
Ymax<=4@1
Yer:339
Tints-438
fma)=4
GOTO 7170
Varli=4
‘1 abel $= “WHEEL SPEED MPH'"
vards=s
‘ TO%Q rmin=@
TO59  fmax=30
TO7@ Yeic=, 9
T03@ Yint=@

3w e
Sh 3

g

'
RN Y Y. Y B EX
%

3
o e iR g

I3 -
FOCOOLED T ¢ L

I PR TR PR Y

DI IO

Y 7 Y8 OPCIRITE
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TOSQd  Yma)=s

T198  GOTO TiTo

T119 Ymin=9

TI29 Vmas=, 30010

T390 Srr.=,08

T140 v =

T1%0  ‘ma)=Q

S169 (1ab2) = LONGITUDINAL “ERTICAL FRORLE”
T1TO IF =2 THEM GOTO TSI

T180 IF a3 THEM G0TD Téed

TLAQ  PRINT LIN(I

2200 INPUT “JISTANCE TRAVELED Ev YEWICLE - @+ IR DISTANCE TRRVELED B¢ wmEEL - ! *

T210  IF R=3 THEM GOTD T340
TLd9 FlaglsFlaglel
] IF Flagl 1 THEN GOTOQ 74Se
Drsr (1,1 =0
Drsvi2, 1,20
FOR 122 T L-1
) Disred, I abiset],1-1)>+4%282 360A« D1, 3 4D I-1, 4 Qoo Ml eCl =ty I~
©+ 1000
@ Drste 2,1 =mDist 2,1-11+%230 €00« D1, 5 eDrI=1,3 ¢ I e M1l Te-mila -t
1990
T230  NEXT 1
T2 FRINT LIN ., "TOTAL LEFT WHEEL DISTRANCE TRAVELED = "iDrzr l,L-1 {" FT"
“31@ PEINT LINUL -, "TOTAL RIGHT WHEEL DISTANCE THRARVELED = "iDisv.2.L=-1:1" FT°
T220  INFUT “PRESS CONT TO RESUME", Dum
7230 GOTY T4%50
T340 Flaj2=Flagletl
IF Flag2 ] THEN GOT) T440
Drzrel, 1.9
Disrig,1'=3
FOoR [=2 TO L-t
h Dyst 1,1 =Dysve],1=-12+5239 3600+ (DI, 11 +Dil=1,11" 2 «(/Miiladila=Mrlinel
-1 1089
2420 Dristc2, I aDyse-1,1"
T41d HEST 1
420 PRINT LIN:$>,"TOTAHL YEHICLE DISTANCE TRPAYELED = 'iDrsrcl,L-tii" 7"
438 INPUT "PRES: COMT TO RESUME™.Dum
~449 IF P33 THEN GOTO 7470
T4%3 1 abe) $a“DISTANCE TRAVELED BV WHEEL 'FT
T48d GOTO 7430
“379 X1 aba1$="DISTANCE TRAVELED BY YERICLE FT,"
7439 XminsQ
"439  Uma:=aDistol,L-10+10
~%Q0 IF Drst 2, L=1. . Disecl,L=1" THEN “ma *Drzt.2,L-1"+192
TS10 Xintag
Kma)=s
TR30 0 Nera=2
T840 IF max 119 THEH xtic=d
TS%0 IF Zmax>210 THEN Xtic=8
TS89 IF Mma< 890 THEN !iri1c=24
b GOTO 7938
7%30 <Klabels$s“"TIME 3EC"
TS0  minad
PEdd e - ®INTCL 1099 (M1 11 S =M1l lrcd 2hae]
TE1d Vtices,S

TBd@ Zinvt=0

TE30 Xma)m=g

TE54@  IF <mas.1Eé THEN ‘maj=4
659 GOTD 7939

TEE@  N1abelS$="DIFFEPENTIRL INTERFRCE VELOL TV FT.:EC)"
767 MAT DiumZER

TE3@ IF .S THEN GUTQ 7728

TE59 Varlel

TTO®  vVar2=S

TTie varl=2

hi-J Yarded

TT30 FOR Is)l TO L-1}

TT4Q Dror 0w 0CYl 40D 1,11 ,0 5230 3800
TYS® IF Drvel, 1279 THEN Dyory,17=8

TTEO D12, 10mcDu1,3)=DuI,11))>e 33803600,

72770 IF D1uc2,15¢@ THEN Divi2,1)=9
T?30 Diue3, I)sDCl,Yart)

TT990 Drucé,l sDCl,Var2d

7800 [F Y<>3 THEN GOTO 7838

2810 D1 (S, 1>mD(I,vard

7820 Divié, 1 eDc],Vare)

7830 NEXT I
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GOTO 7839

Xmin=sd

MRT SORT Droct, e

Ama- sDrucl,L=1,+%

MAT SORT Drug, e

IF Dreer 2y L~1>+% Xma THEN ma<=Dyrw:2,L~-) +%S
Ktrc=,3

xmaj=1@

IF Xmax S@ THEN <ma)=290
ArsRBSCimax=mrn

(reABS(Ymax=-Ymin,

PRINTER I3 16

GRAPHICS

SCRLE ~“min=,3e¥r  'maa+.Q¢Xr, ¥min=,3¢7r, rnace, 2%y
CLIP Xmin, max, min, Yma:

RSES ~Ntig,Yetre,Ktne, Vint, nal, ‘maj, &
LINE TVPE & h

IF vaS THEMN GOTQ 3490

MGYE Xmin,Dil,.varl:

I[F <=1 THEN GOT3 30320

IF ~=3 THEN GOTO 8130

FOP [=! TO t-1

DRAW Mittacl) "1300,.D¢l,Varl?

NEXNT I

GOTO 31389

FOR [=21 TG L-2

DRAW Drsgret, I+l »,Dil,Varl:

NEXT

GOTO 3180

MAT SORT Druf,

FOR 1=2 TO L~-1

{F Dol [ =3y ARD (Drucg, 123> THEN GOTO 31792
DRAW Droecl, 1, D1, Yar1)

NEAT I

LINE TvPE 1

MOVE Xmim,Dcl,var2:

1F "=} THEN GOTD 8260

[F <33 THEN GOTO 3290

FOF I=1 TQ L-1t

DRAW My 11y 03 1398,D I, vard
NENT I

GOTOH 33%9

FOP =1 TO L-2

DRAW Drse 2, [0, D[, 7ar2:
MEXT |

G0TO 23%9

MAT SORT Dyvoor 2, +-

FOR =2 TQ L-1

IF “Druit, I =3 AND “Drve 2,1 =3 THEN 50T0O
DPAW Drued, 1, ,DC],Yar2)

MENT I

IF ¢ 4 THEN GOTO 3480

LINE TYPE 8

MOVE Xmin,Du1,11)

IF x=1 THEM GOTO 38440

IF <=3 THEN GOTO 8470

FOP l=1 TO L=~}

DRAW Mi11yC13-1090,D<1,11
NEXT I

GOTO 3470

FOR =)y TO L-~2

DRAM Dige(2,1¢1),DC1, 11D

NEXT 1

LINE TYPE 1

GOTO 9820

MOVE Xmin,Dt1,2)/D¢Ct,1)

IF %=1 THEN GOTO 83¢9

IF %x=3 THEN GOTO 8609

FOR Is] TO L~-1

DRAW Millic1>-1000,D71,2>/D¢l,1>
NEXT I

GOTO 8639

FOR Is1 TO L-2

DRAW Distcl,1+1,),DCT,2) Do,
NEXT 1

GOTO 3630

MRT SORT Diu(l,w)

FOR %2 TO L-1

IF (D1ur2,15m0) AND (Druvcd, 1 =0, THEN GOTQ S649
DRAKW Diucl, I15,Div(S,1)/Divi3,1)

w
Y
3
L=
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3649
3650
3569
36T
3539
2690
3700
3aT19
3729
3740
3759
2760
3TTe
370
*T90
38909
310
3829
3830
3240
3350
33860
2370
3829
3399
3399
3919
3920
3930
3340
8950
3960
%970
3930
33420
2000
29190
020
9930
3040
2950
3960
3079
3080
3990
4100
3110
3120
3130
3140
3159
3169
Nve
3130
9199
200
3210
2220
3230
<40
230
3260
3z7
3280
3290
300
9319
3320
3330
3340
3338
9360
2370
9330
3390
400
9410
2429
3430

NEZT |

LINE TYPE 1

MOVE Xwin,D<1,8:-DC1,%)

IF <=1 THEN GOTO 8730

IF X=3 THEN GOTO 8770

FQR I=t Y0 L-1

DRAW M1111¢1>-1000,Dcl,62-D¢, %
NEXT [

GOTO 3820

FOR [=1 TO L-2

DRAW Drasv(2,1e1,,Dc1,6,.0:1.,95,
NELT I

20TO 3829

MAT SORT Drvc2,»:

FOR =2 TO L-1

IF D103, 1420 AND - Dawed, 1 =30 THEN GOTI
DPAN Dru(2,1),D1wid, 1) Drecd, 1
NEXT 1

LORG %

FOR J=Xmin TO <mas< STEP Ktice<ma)
MOVE J,Yint-.0%5«vr

LRBEL J

NEXT J

FOR J=sYmin TO “mar 3TEP Vtrcerma)
MOVE Xint=-,37=Nr, )

LABEL J

NEXT J

LORG 4

MOVE Xr. 2,VYmin-,2eVr

LABEL Xlabels

DEG

LDIR 99

MOVE Xmin-.2#Xr, Ymax+vmind. 2
LABEL Ylabels

LDIR ©

C3IZE 2.9,.444

SpEimine, 1S5eXr

LORG 2

MOVE Sp, 'max~.01evr

LRBEL Locs

MOVE Sp,Ymax-.0S5+Yr

LABEL “FLNM: ":T8(2.

MOVE Sp,Ymax=.89¢Vr

LABEL “TIRE: ";T$(S»

MOVE Sp,Ymax=-.13eYr

LRABEL T$¢6);" psa1”

MQVE Sp,'’max=,17eYr

LABEL T$.?7>;* TEST*

Sp=S5+Sp

MOVE Sp,Ymax=-.08Ll#Yr

LORG 8

LRBEL "LEFT WHEEL "

MOVE Sp, 7max-.01¢7r

LINE TYPE 6

LORG 2

FOR I=,1 TO 1.4 STEP .4

DRAW sS4y 'mine, 2%eXr ], ¢max—-,leVr
NEXT I

MOVE Sp,Ymax=-,0Se7r

LINE TYPE |

LORG 9

LABEL “RIGHT WHEEL "

MOVE Sp, Ymax=-.05eYr

LORG 2

FOR 1=.1 TO 1.4 STEP .4

DRAW €#( mine, 25exXr 2+l ,Ymax=,3%*/r
NEXT I

IF v/ >4 THEN GOTO 9410

MOVE Sp,7max=-.0%+Yr

LORG 8

LABEL "Sth WHEEL "

MOVE Sp,Ymax=.0%e7r

LINE TYPE 8

LORG 2

FOR I=.1 TN t.4 STEP .4

DRAK 68 Cimine, 28+ r>+l, Ymax=,Q09*Yr
NEXT 1

NAIT S000

]

INPUT "DO rOU WANY A HARD COPY (Y OR NV",Fpl$

IF Pp1B<> v* THEN GOTO 2480
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2440 PRINTER 15 @

350 IMAGE @, . - o

4450 PRINT USING 9450
o~ 3470 DUMP GRAPHICS

9480 EXIT GRAPHICS

9432 INPUT “DO YOU WANT ANOTHER PLOT WITH THIS FILE (v OR Hs",Rp1 ¥
3390 IF Rpl$s"y" THEN GOTU 6%80

3319 SUBEND

FILE NAME: READ-2:T1S DRTE : 99:23:0%:14
MATH PROGRAM

i 1Q ! ' READ-2), TO RECOYER TEST DRTA FROM

B ' THPE AND MANIPULATE.
| N ' WRITTEN BY G BLRISDELL

40 ' MARCH 1931

) 1

P !

T '
- H OFTIGN BRSE |
B ) DIM Zrety ,Scate 11, Dy 1493 (221,011,

e COM LocSLTAI TH 14 .033], 71 aDe) SLSA), 51 abe) $LSF), THOET |AREEE P E LU IR I |
S0, D 1420, 11, INTEGER L, M1 1)y 1400

119 MAS3 STORPRGE 15 ":T14"

129 PRINTER IS 1¢

! 139 PPINT LINCZ@:
E 148 INPUT "INPUT FILE NAME OF INTEREST " Frs$
1% PRINT LINMC3
B 159 AS3SIGN #1 TO Fes
Y 170 READ #1jLsc$,Ts »)
) 133  PEAD #t:L
o 130 REDIM Drevl Ml eeg v Dagr 2L DL, il DroE, L

3 BCTY READ #1;Dt8ces M111y14,
e INPUT D0 7O WANT TOQ IEE THE AUXILIRP DRTA -7 Of Heo"  Rpls
e IF Fp18: %" THEN GOTO 319
20 INPUT "WARD CQPY QR CPT (M OF T Ppls
3 40 IF Ppl8="H" THEN GOTO Z7@
N <%0 PRINTER IS 18
, I€9 n0T0 288
ity PRIMTER [3 9
2139 CALL FAusdata
<0 INPUT 'PRESS CONT T0 REIUME", Dum
399 PRINTER IS te
31 A3ITIGN 83 TO Tsc14,
2 RERD #3:Zt1ce) Scalers,
319 PRINT LIN 3D " ~¢¢* DATA CONYERZION IN PROGPE:S sessn
349 Conuvert: REM
FOR Isy TOQ L-1
ENTER Dtscls USING “#, W";Det: e
FOR k=1 10O 11
Dl K ®i  BINCMP Dt b s =Zvrp coZcale ko

NENT
NE-T 1
FRINT LINC2D)
42 PRINTER [3 s
433 PRINT © NUMEEP OF DATA POINTS TALEH = "jL-1
449 FRINT * TO Y1EW FAW DATR - |°
499 PPINT ¢ T3 PLOT DRTR - 2
' 458 PRINT ¢ T3 PE~PUN PROGFAM ulTH # MEW FILE - 3*
. iTa PRINT v TO STOP PROGRAM - 4
428 PPINT 10 FIND AVERAGE MOTION RESISTANCE VALUE - -
430 PRINT ¢ TO FIND AVERAGE TRACTION YALUE - &
D] PRPINT TO IMTEGRATE A CURYE - ©°

19 PRINT LINCS)

22 [HEOT “WMICH RIUTINE DO O WISH »ENTER NUMBER COLE " Rl
g IF Pplis) THEMN CALL Pawdata

44 IF Ppl=2 THEM CALL FPlats

b1 I[F Rpla3l THEN 33TO 129

69 IF Rpl=d THEN GOTO 500

To IF :Pp!=»%) OR Ppleg)> THEN CALL Ruerage
520 IF Ppls? THEN CALL Energ,

599 GOTO 419

=90 END

$10 SUB Ruxdgata

[ OPTION BRSE 1

: £39 COM LocB(%9),78: 14:030),71ape18(%0),i)2ce)BL{%0), 3HUOFT Druve  ,Digtoey Drey,
INTEGER L, M1y (o)

- st BNt wlh . oas
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249 IMRGE @, .- .
353 PRINT USING 540

L] PRINT LINC1),"FILE NAME: "1 2

L PRINT LIN« 1), "LOCATION: "thwcs

439 PRINT LINCL,,"AMBIENT TEMP: “iTF 3 3 DEG C“
230 PRINT LINC1,,"DRTE AND TIME: “ITE 4

b1 PRINT LINC1.,"TIRE CODE: "iTES)

T1a FEINT LINGLS, ‘TIRE INFLATION FPESS:

e PRINT LINCL),"TEST TYPE: “eTECT,

T30 PPINT LIN< L+, "CALIBRATION FILE NRME:

he T PRINT LINC3,,"TEST MATERIAL: “sTES
Tse PRINT LINC1>,"TYPE«OR UNDEFL/ING 3SURFACE ':
TEQ PRINT LINCi ,"DEPTH OR THICKNESS: “ITECLQN My

T FRINT LIN«1O,“MATERIAL TEMF: “ITE 1Ly DEG Cv,LtH

0 IF T8:(8,=“3NOW" THEH PRINT “SHOW DEMNSITY: ATECLZN S oCe

Tap IF TS$(3:@“THAWING_30IL" THEH PPINT “FROZEN LAVEF THIZH: CiTE L e
308 PRINT LINCE),"30LAR [NPUT <CLOVUD COVER, 3mADE. CITEOL 2

E3 ] SUBEND

1aW 3UB Rawdata

L3I0 OFTIOMN BRSE 1

D COM LocsISO), TS 14.030), 1 abels{%SQ), 01 abe13{SY),SHOPT Davevwe . Dlyzr o L=
INTECER L,Mil11 (e,

%9 FRINTER IS 1g

B INFUT "WRRD COPY OR ON CRT W OF C ".Fp's

1T IF Pplis= H" THEN PRINTER I3 9 i
HETS) IMAGE 1, "Ly S Ll S, L3 S "L e 7o R & R, S YRR, S LRV 6.
-1 B O T I

CITEE 3 parn
"ITECL4

"ITECI

338 IMAGE #,4D, 3.

W3y IMRGE #, 3x,4D, 3.
“1a IMAGE ®,D1D.D, 34
L0 IMAGE #,2X,DD.D, 3%
aZ0 IMRAGE #,6D

240 IMAGE -, 20X

R e Ry © BT SV S

——

s e b

s FRINT CHR$ 2T v "H"

Py ] PRINT USING 380

av9 PRPINT CHRE(2D w1

59 FOR J=1 TO L-1}

329 PRINT USING 340

1909 FOR r=! TO 3

119 IF k=S THEN GOTO 1959

1320 IF «ksd, OF r=5y THEM G0TO 1479

1930  PRINT USING 899;DC), k>

1949 GLOTO 1989

1990 FPRINT USING 998:DC S, KD

1959 GQUTO 1980

1070 PRINT USING 91930 ),k

1920 NEXT K

[18%9 PRINT USING 92@;D ), 11>

1100 PRINT USING 930:Millrc ]

1110 NE:T J

1129 PRINT LIN'2>

1130 PRINT CHRE(Z?)4"m"

1149 SUBEND

1150 SUB Average

1158 OPTION BRSE 1|

1170 DIM Auec8),AcL+1),Prenr o,

1159 COM Locs[SB].Ts(xattaél.vltb113[501,tl1bol:(59].£HOPT Divveas Brzese o D
SIHTEGER L,Millyie:
1199 MAT Rue=ZER
1200 Mrk=9

1219 PRINTER 1S 16
122 PRINT LINC28Y,"
1239 PRINT °
1249  PRINT
1290  PRINT * YELQCITY -~ 4-

1289  PRINT * LONG. -VERT, - S*

127Q PRINT LINCS)

1289  INPUT "CHOOSE CODE FOR CHANMEL TO BE AVERRGED ",Chn

1258 IF Ch<»S THEN GOTD 1329

1399 Cheg

1310 Mrisy

1320 PRINT LINc2@)

1238 PRINT ¢ WHAT PERCENT OF THE DATA POINTS DO 0OU WANT AYEPAGED ~"

1248  PRINT LINC), "ANYTHING LESS THAN 100% WILL RVERAGE THE UPPER .ABSOLUTE vAL
JE, PERCENT CHOSEN"

1330 INPUT PrentiCh)

1360 Preant(Ched ePrent/Chd

157 PRINT LINCIQ®),TAB' 29,."1"M WORKING"

1330 PRINT LINCS)

1398 FOR GeCh TO Ched STEP o

VERTICAL =~ 1"
LONGITUDBIMAL - 2"
SIDE - 3~
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1480 FOR M=l TO L-~|
1410 RuM:=DcN,G)
1420 IF Mrk=1 THEN A<H.=D(H,G: D(H,G-1:
E 1438 NEXT M
1440 IF Prcnt=1Q0 THEN GOTD 1569
1459  MAT SORT R
1423 SunZ=@
| 1479 FOF P=1 TO L-20
1429 Suml=Suml+R(P)
1433 NEXT P
1999 RuersSumZ- L. 29
1519 IF Aver:0 THEN SOTO 1960
1520 FOR M23) TJ L~
P 1533 ACHI aRBS(AH2.
1540 NEXT H2
155 MRT SORT R
1569 Sumi=Q
187 CountaINT Pront (Ch) “10Q+CL=1 >
1589 FOR PsL-Count TO L-1
19990 Sumi=3uml+A(P)
1680 NE:T P
'8l RuecGraSuml. Count
1523 NENT G
PRINT LINC20»
1549 INPUT ¢ DO YOV WANT TO CHALCULATE ANV OTHEF RYEFRGES % OF N7 0 grg
15333 IF Querss"y* THEN GOTD 1219
1254 INFUT “DO vOU WANT THE OQUTPUY DN THE CET OF A HARD COPYV «C GR HH 7" K$
1€79 IF RS "N THEM 53Z0TD 1709
1€30 FRINTER [5 9
163
-

e
3.
0.

[~

5070 1718

# T8 PRINTER IS 15
3 1718 INFUT "DO YOI WANT TO SUPRESS THE HERDING (DOCUMEHTAFY DATA: % QR H:2* Rp
s
: 1729 IF Ros$s v THEN GOTD 1799
g 1739 PRINT USING 1919iLocs
1 L1740 FRINT USING 19203"FILE ';T85:2 . ;TH/7T 3 TE:IT™
: 1T%3  FRINT USING 1920:"TIPE ":TE S iTE G 3" piyt
] 17Ed  PRINT USING 1930:"MATERIAL: ";Ts: 3.
; 1779 PRINT USING 1930378 18°:" M THICKNESS"
X 1730 PRINT USING 1920;T5 123" 3 2c"iT8 115;" DEG € +AMBIENT:"
1730 PRINT LING2»
1395 FOR l=1 TO 3
1319 IF Aue(]. =@ THEN GOTO 1%%@
1320 SAF="LEFT *
13390 IF I 4 THEN $3I="RIGHT *
1340 WUnirgs* | BS“
1359 IF 123> 0P (I=3) THEN Units=" MPW"
1369 IF el QR (=5, THEN Chfs“ERTICAL"
1373 IF (1=2, QR .1=5) THEN Ch$s"LONGITUDINAL"
9 IF '1=3) OR (l="> THEN Chse“SIDE"

1333 IF 134> QR (I=3) THEN ChEs v ELOCITY"
1293 PRINT USING 1949; "RAYERRGE OF UPPER ";Prcnt [):1"% OF DLATA ~ “{Sas;ChE;" - *
DT I NI ERY |
1319 IMAGE K
1928 IMRGE 2V, ,4%,2 %
132 IMAGE 3¢k
1943 IMAGE -K,DDD.D.4«r ., DDDD.DDDD.x
19%9 MNE'T 1
1350 IF Ps= "M THEN GOTO 1390
, 1370 PRPINT LINCS,
: 1939 [HPUYT * PRESS CUMY TO RESUME",Dum
. 1'#49  SUEEND
<098 SUB Plots
<019 OPTION BRSE 1
2020 COM Loc$(%A), TS 141301,V abel 2050, 1) abe 1 ${S0), SMORT Diucw) , Digtce  , Die,,
INTEGER L, Milli(
2030 Flaygt=@
L0428 Flagiso
2030 PLOTTER IS 13, "GRAPHICS™
+060 PRINTER 1S 16
40TB  PRINT LINCSO)»

2938 PRINT VERTICARL - 1"

D ROy Y SN NP

2090 FPRINT ~ LONGITUDINAL - 2" .
2199 PRINT *» SI1DE ~ 3"
2119 PPRINT = VELOCITY - 4*
2120 PRINT » LONG, ~VERTICAL - S*

2130 PRINT LINC3)
. 2149  INPUT "CHOOSE VERTICAL AXIS FORCE CODE ", v
2130  PRINT LINCD)
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2168 PRINT * DISTANCE - 1 |
L1786 PRINT ™ TIME - 2¢ |
2138 PRINT * pIv ~ 3"

2190 PRINT LINC3

2299  IHPUT “CHOQSE HORIZONTAL AXI3 (QDE -, .
2219 ON v GOTO 2229,2310,2408,2492,2%30

232 Varisl i
223 Ylabel $=*VERTICAL FORCE «LBS> "

2249 VYar2sS

22%9 YminsQ
2260 Ymax33909
2279 Yeac=S9
2289 Yint=d
2230 Yma)=10
2399 GOTYO 2649 i
2319 Vari=2.

232 "1abel 3" LONGITUDINAL FORCE «LB3> *
2330 Varlsms

LI4D Ymin=-200

23%9 Ymaxs1000 i
L3360 Yric=QS
Yint=-200
Yma)=8
GOTO 2649
varl=3
T1abel $8"SIDE FORCE (LES: :
Yares?

Tmin=-300

Tma<=381

Vero=%8Q

Yint=-380

Tma)=4

S0TO 2640

Yarisd

“1abe) $=“WHEEL IPEED MPH."
varisg

Tmin=d

Ymaxs 38

TS ]

Yint=Q

Yma)=6

GOTO 2649 1
Ymin=9 1
Ymaxs, 8001

Yti1cs=, 0S5

Yints=d

Yma)=2

V1 abe) S LONGITUDINAL “VYERTICRL FORCE"

IF X=2 TMEN GOTO 3030

IF ~=3 THEN GOT9I 3119

PRINT LINC3

INPFUT "DISTRNCE TRMVELED BY VEMICLE (@, R DISTANCE TFRVELED BY WMEEL 1"

IF R=@ THEN GOTO 2819

FlagisFlaglel

IF Flagl>l THEN GOTO 2919

Distcl,1)=0

Disvid,1)=d

FOR I=2 TO L~-1

Distcl,I)oDigtr1,1-1,+8230 36004 <D 1,3 +D I=1,. 4 LreciMmily =M1l ]-1
- 1800>

L
L]
o
-
-
7]
-
-
»
o
-
-
(3]
.
-
1
ol
*
[V}
(23
3
-
[
*
-3
o
«
~
~
o
~
—
w
+
o
-
'
-
o
N
*
>
*
=4
-
'
-
'
ot

1
@ MNEXT |

9 PRINT LINCIY,"TOTAL LEFT WHEEL DISTANCE TRAVELED = “(Distil,L-1>t" FT"

@ PRINT LINCL),"TOTRL RIGHT WHEEL DISTANCE TRAVELED = "(Disgr g, L=1:i" FT"
2T INPUT "PRESS CONT TO RESUME",Dum

L8990 GOTO 2920

FlagasF)agel

2820 1IF Flagd>1l THEN GOTO 2910

2330 Diatii,1,>=0

2840 Drst(2,1)=9

23%9 FOR Ie2 TO L-1

&858 Dist(1,1 2Dt 1,1-1,¢5280/36002 (DI, 11 eDBI-1,11" > 2 « M 1lrel =MVl
-1 1009

2870 Disvi2,1,8Disv1, 1)

2880 NEXT 1

2899 PRIMT LINCS),“TOTAL VEMICLE DISTANCE TRAVELED & “:Dist 1, L-1l:}" FT"

2900 INPUT "PRESS CONT TOQ RESUME",Dum

2919 IF Re@ THEN GOTO 2940

- eatafte o s Ot il o ms e
) Py
a
ped
@
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AR g xR

— ateds D kel s . e ¢

DO RO S O I O 0

w9

2
3
b
F
-
2

P
-
3
R
3
3
3
3
3
2
2

Gt W W

Nlape 1 = DISTANCE TRAVELED B+ WMEEL FT,"
GO0TO 2958

Xlabe!$="DISTANIE TPAYELED BY YEMICLE FT .
Amined

XmaxsBigte1,L-~1 +1Q

IF Drstra,L=1".Dratel, L=t THEN “ma.2Dist 2, L~-1"+10
anteg

Amarss

ticsg

IF “max:119 THEN “tic=4

ROTO 3389

Sl abeVE= TINE - SEC."

Lminsd

ma SINTOL 1009 M)y S =Myl 1 g el
Srties, S

Hintag

“maysl

IF max.18 THEN <ma)=4

GOTO 3330

<) abe)$=“DIFFERENTIAL INTERFACE wELOCITY FT ZEC
MAT Di1u=2ER

I[F ‘¢ »S THEN GOTQ 318e
Varle=l

Var2=$

Yar3s2

Yardesg

FOF 1=t 7O L-1

Drove g, I vacDrl, 4 =D I,115:4¢5230
IF Dryud1,1>¢0 THEN Drudl,1ra)
Drv2, 1 8Dl 2>=D: 1,11 "« %5280 3600

IF Drvr 2,19 @ THEN Drur2, 1.=9

Div 3, DI, Vart)

Drvr3, IvaDel, Var2,

IF “\»3 THEN GOTO 32€9

Dr S, 12D, vVar3

Dyerg, 158D, vard)

NEXNT f

GOTO 33909

Amin=g

MAT SORT Diuc]l, e,

AmaxsDrvcl, L=17%

MAT SORT Diruc2, >

LF Drvd2,L=1,+S>%mas THEN Umacalrurl,L=1,s+5S
Atice,S

Nmaj=19

IF <max>350 THEN Xma)=zd

ArsRABScAmax=-<min:

(raABSCYmax=Ymin:

PRINTER IS 16

GRAPHICS

SCALE Xmin=,3+r Mma. ¢, 2% . r imin=, 3oVr, tnas, Qer
CLIP Xmin,<max,¢min,Ymax

AXES “tic,Ytic,int,Yint ,tma).  ma), S
LINE TYPE o

IF ¥=5 THEN GOTQ 3340

MOVE <min,D¢1,%arl "

IF <=1 THEN GOTO 3%49

IF ;a3 THEN GOTO 3%30

FOR =)} TO L~-1I

DRAW My ity <(1,-1898,Dcl,Yarl)

NEXT 1

GOTN 3630

FOR Is1 TO L-2

DPAW Drsetcl, l¢1,,Dr ! Vartl)

NEXT 1

50TO 3630

MAT SORT Druil, s

FOR =2 TO L~-1t

IF Dy t,Iva3 AND Droc 2,1 20> THEN 52TO
DRAW Druet, I>,D L, Yarl)

NENT |

LINE TVPE 1

MOVE “min,Dcl,vard)

If “=1 THEN GOTO 3710

IF =3 THEN GOTO 3750

FOR [=] TO L-1

DRAMW Miltl11<(1'-10@9,DcCl,vard)

HEXT I

GOTO 3800

FOR [={ T0 L-2

09

e
9

(]
[0
LY
[~
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3720
T30
3740
b1
Te®
3*Te
3730
I3
3300
3810
3920
3830
3340
3390
3340
3379
3320
3399
3999
3310
3920
3339
3949
3%%9
3959
3370
29%0
FEE 1]
4909
+919
4020
4330
4340
1950
1360
4279
4930
4932
4190
4119
4120
4139
4149
4159
4150
4179
4130
3199
4209
4219
4229
4230
4240
4258
42¢0
4270
4280
4290
4300
4310
4220
4330
4340
4330
4360
4370
4330
4399
4400
4410
4420
44380
4440
44350
44690
4479
4439
4490
4300
43510

DPAW Dist<2, I+l , DI, varss

NEXT I

Q0TO 3890

MAT SORT Dron2, s

FOR [=2 TO L-1

IF (Drvci, 120 AND (D14(2,1,=8) THEN GOTQ 3790
DRAKW Drve2,1,,D(I,Var2)

NEXT 1

IF >4 THEN GOTO 3330

LINE TYPE 3

MOVYE Xein,D<l,118

[F X=1 THEN GOTO 3890

IF x=3 THEN GOTQ 3928

FOR lay TO L-}

DRAK M1 11ic<l:-1000,D¢1, 11

NENT 1

GOTO 3920

FOR I=1 TO L-2

DRAW DigeC2,1+15,Dv1,11>

NEXT 1

LINE TYPE 1

GOTO 4279

MOVE Xmin,DC1,2V- Bt Y

IF =1 THEN GOTO 4219

IF =3 THEN GOTO 40%59

FOR Ist TO L-1

DRAW Mr11rCI>-190@9,D 1.2 D' 1.1
MEAT 1

GOTO 4100

FOR =1 TO L-2

DRAW Disvul, Tels, DI, 2 DeI,1¢
NEXT 1

3070 41900

MAT SORT Drudl, )

FOR I=2 TO L-1

IF D13, 139, AND «Drw: 4,1 =3, THEH GOTH 4339
DRAW Divut, 1 DrvueS, 1sD1wz, 1
NEXT 1

LIME TYPE }

MOVE <min,DCi,8 Dt %

IF =1 THEN GOTOQ 4189

IF /=3 THEN GOTO 4220

FOR Iwt TO L-1

DRAW Mi111CI> t1Q00,DcI,6) D:1,%.
NE..T 1

G0TO 4270

FOR I=1 TO L-g

DPAW Drat 2, I+t , Dl 80 DI,S:
NE.T I

G0TO 4270

MAT SORT Drwigd, =

FOR 122 TQ L-1

IF (D1v(3,I>%0) AND (Di1v(4,1.%0) THEN GOTO 42¢8
DRAW Dived, 1), DrvcE, 1 -Drucs, >
NEXT 1

LORG S

FOR JmXmin TO “max STEP XticeXma)
MOVE J,Yint-,0%eyYr

LABEL J

NEXT J

FOR JaYmin TO Ymax STEP Vtice¥Ymay
MOVE Xint-,07exXr,J

LABEL J

NEXT J

LORG 4

MOVE Xr. 2,Ymin=,2#vpr

LABEL Xlabe's

DEC

LDIR 9@

MOVE Xmin~, 2eXr, (Ymax¢¥Ymin,s2
LABEL Yliabe!s

LDIR @

CSIZE 2.9,.444

SpeXmine, 1SeXr

LORG 2

MOVE Sp, Ymax-~.018vr

LABEL Locs

MOVE $p,Ymax-.0SsYr

LABEL “"FLNM: " Ts$(2"

MOVE Sp,Ymax-,09%4Yr




-

S ETUVEURIY " WS VR P

el en—

4%29 LRBEL "“TIRE: " T8«S5
4539 MOVE Sp,’max-.13+Yr
4549 LABEL T§<6);" ps”

4559 MOVE Sp, max=-.17+Yr
+%53 LABEL T8(?y;“ TE3T"
%72 3Sp=S*Sp

4580 MOVE Sp,Ymax-.0leVr
4%30  LORG 3

4609 LRBEL “LEFT WHEEL "
4513 MOVE Sp,Ymax-,01+¢Yr
4620 LINE TYPE o

4530 LORG 2

4549 FOR I=,1 TN 1.3 STEP .4
45%3 DRAWN 6+ Xmin+, 2%+ r +l,'ma.~.0l«r
4559 NEXT I

457@  MOVE 3Sp,Vmax=-,a5+Yr
4539 LINME TYPE 1

4699 LOPL 3

4709 LRBEL "RIGHT WHEEL *
4718 MOVYE Sp,Tmax-,05e¢Yr
4720 LORG 2

4723 FOR I=.1 TO 1.4 STEP .4

4730 DRAW Be/Zmine, 28er c+],'ma. -, 3%«"'r
4759 MERT I
4760 IF v 4 THEN GOTO 4359

4770 MOVE SpsTman=,03eVr

4730 LORG 3

4720 LABEL "Sth WHEEL "

4399 MOVE 3Sp,Ymax-.09«Yr

4812 LINE TVPE 3

4820 LORG 2

4330 FOR I=,1 TO 1.4 STEP .4

4342 DRAKW Se iimine, 2%+ r ¢+l ,'max-,09«" r

43%8 NEXT I

4363  WRIT SB00

4873 INPLT "DO ¥OU WANT K HRARD (OPY /v DR H:",Ppls

4389 IF Rpldi"Y" THEN GOTO 4939

4390 PRINTER IS O

4999 IMAGE @, - -7/, . 7

4910 PRINT USING 4999

4920 DUMP GRAPHICS

4930 EAXIT GRAPWICS

4940  INPUT "DO YOU WANT ANOTHER PLOT WITW THIS FILE v OR W " ,Fpl?
43%@ IF Rpls¥="y" THEN GOTO 20%9

4960 SUBEND

4373  SUB Energy

4339 UOPTION BRSE 1

4939 DIM Energyi2,L.

3000 COM LocS(SAT, TSC14,0320),v1abel $(S01. 1 abe1SLEDI SHORT Drvrier Drgr s e,
INTEGER L, M11lice,

Q13 IF TH(TY®"TRACTION" THEN GOTO So8@

029 PRINT TREB.10),CHRE(132);"«®+ FILE INDICATE: THIS I3 NIT A TRACTION TEST »-

Y

5030 PRINT CHR$(123>
@43 PRINT LIN-2),"DO vOU STILL WANT At INTEGRATION *
$3%9 PRINT TRB(3@,,"CY OR N)"

5060 INPUT Fs$

SaT0 IF RECH"Y" THEM GOTO S320

€988 PRINT LINGS
€333 PRINT *

LOMGITUDINRL FIRCE Y35 WHWEEL DISTANCE - 1"

€109 PRINT " LONGITUDINAL FORCE v¥S VYEMICLE DISTANCE - 2"

S$118 PRINT " LONGITUDIMAL - YERTICAL FORCE VS WHEEL DISTANCE - 2

$12Q PRINT " LONGITUDIMAL -YERTICAL FORCE ¥$ VEMICLE DISTANCE - 4"

%1390 PPINT LINC3)

%149 INPUT "CHOOSE PLUT TO BE INTEGRRTED".Intg

S1%9 INPUT "DO YOU WANT THE QUTPUT ON THE CPT C. OR R HARD COPY H:«*",Fpis
7159 PPRINT LINC29),TAB(305,"1 "M WORKIHNG"

170 PRINT LINCS»

%180 IF Rpl1S<C "H" THEN GUTO Sgi1@

S199 PPRINTER 1% 9

5200 GOTO %229

S213 PRINTER IS 16

%229 PRINT LINCQ:

$330 ON Invg GOTQO S240,5379,%420,%56:20

%440 MAT DistalER

%2%8 MAT EnergysZER

$¢6@ FOR [=2 TO L-t

SITY Dastct, I eDryses 1, 1=1 5280 380@s D], d0eDcI=] 4 o Zrec Myl oMY [ -t
1171000
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SI3 Drste 2, mDigt 2, I-1'¢S250 3600+ D, 3 eD i), 3 Joec Bl faeMi) s [
< - 1908
i 38 NEST
: $300 PRINT LINC2) ,“TOTAL LEFT WHEEL DISTANCE TRAVELED = "iDise:y,i~-103" 7T
3310 PRINT LINCLs,"TOTAL PIGHT WHEEL DISTRANCE TRAVELED = “:Drstyg,L-1xs" FT®
$3cd FOR =2 TO L-t
5220 Energuvil,losEnergy(l,I-1>+(DCl,20¢DCl~1,2 v 2% Drystig, [ =Digrtcl, 1=1,)
S240 Energuil,lisEnergyi2,I-13+DCl,6)+DCl~1,E0), ot Drgr 2, 13-Dygesd, -1
9350 NEXT 1
5368 GOYO 5730
$370 MAT DisrwlER
$330 MAT EnergyslER
5399 FOR Isg TO L-1
S549@ Dorsc i, 1 aDrgt 1, 1-12+5280 3800# D, 1 +DCl-1,11)5 2 e cMII V(] -M1110
-1+ 71009
3410 Disti2,DDaDrzt (1, I
%420 NEXT 1
5439 PRINT LIN2>,"TOTRL YEMICLE DISTANLCE TRAVELED = “iDistil,L-1:3" FT"
3440 FOR [=2 TO (-1
S490 Energuil, [)=Energyvil, I=1+/D(1,254D 1=1,2>,-2%<Drav i, 1y-Drzrrl l-1"-
5450 Energu/2,l1)%Energy 2, 1-10+: Dl 5 4D, 8 0 2« Drat (2, oDz 2 11
5470 NEXT I
5438 4LOTO 3730
5499 MAT DistsJER
€500 MAT Energy=2ER
5518 FOR !=2 TO L-1
€52 Distil,1)=Dige 1, [~1,+5230 3600 (Dl 4 +D I-{, 4 - 2y+c M) iluemrity I=1
cr 1309
4 ‘ SS39 Diste2,17aDist(2,1-1>+48230- 36004\ D([,8 D I-1,8  ~X ¢ M1l 2-Mr1Tre -1
2 271990
5540 NEXT | '
SS50  PRINT LINC2,,*TOTAL LEFT WHEEL DISTRANCE TRAYELED = “iDistrrg,L-1+" FT*
SSE®  PRPINT LINC1),"TOTAL RIGHT WWEEL DISTANCE TRAVELED = “i;Disv.2,L-1 3" FT"
, 35TH  FOR [s2 TO L~
TE30 Energy 1, l)sEnergydl, -1 oDl 20 D104 veDul=1,22 D0 -1, 1029 a1, T =0
1301, 0150
i TSI Erergu(l, 1 >eEnergy: 2,1-1 Dl € Dl S eDul-1,8 - Dl-1,5:+ Ie D13t Z,1:-0
st g, 112
T6ad NEAT 1
$619 GOTU S738
%520 MRAT Dista2ER
5638 MAT Energy=ZER
SE40 FOP (=2 TO L-1
C8%®  Drse- 1,0 eDyse 1,1-0 #5280 a4 B, {1 +DcI~1, 10 ¢« ZoeceM e Dm0 0 ]
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5659 Disve2, 1 mDisgtey, I
CeTO NEUT I
630 PRINT LINLZ2Y,"TOTAL YEHICLE DISTANCE TPRVELED 2 “{Dvzr-1,L-1'3" FT"
%639 FOR (=2 TJ (-t
ST Energyct,lrsEnerguit,I-1 + Dl 2 /Dl 1D D=1, 20 DIl 1Y 2o Dzt 10D
wstct, I=-1
S$T10 Energu(2,]1)®Energyuil,1-1,+'D:1,65-D1,85+D1~1,%5" DuI-1.9:¢ = Doz 2,1 -D
1862, -1
5729 NEXT 1
$73@ IMAGE -x,DDDDDDDDD.D.K
5749 Labelsgs" FT"
7S50 IF ‘Intgwl) DR <(lntgmg) THEN Labelss* FT-(LR3"
5740 PRINT USING ST33:"LEFT WHEEL ENERGY = "[Energuil.L-loiLabe)s
S?TO  PRINT USING SU30;"RIGHT WHEEL ENERGY = “;Energ - I.L-~1'iLabels
! 5730 PRINTER IS 16
87998 INPUT *“DO YOU WANT TO INTEGRATE ANY OTHER CURVES +v OR MN:2",Rp)s
580Q IF Rplsa~y" THEN GOTO 5089
$810 INPUT "PRESS CONT TO RESUME",Dum
3820 SUBEND
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